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I.  EXECUTIVE  SUMMARY 


Purpose  of  Study 

The  overall  goal  of  this  study  (Phases  I-V)  is  to  identify  and  develop 
"productivity"  measurement  and  evaluation  methodologies  and  models  that  will 
effectively  integrate  with  government  to  contractor  incentive  methodologies. 
The  government  (client/customer)  undertandably  wants/needs  to  improve  the 
performance  of  defense-related  systems  (i.e.  reduce  costs,  increase  quality, 
improve  responsiveness,  improve  design  to  production  to  delivery  transitions, 
etc.)  for  acquisition  purposes.  The  contracting  firm  understandably 
wants/needs  to  improve  its  performance  (i.e.  increase  profits,  reduce  costs, 
increase  quality,  improve  productivity,  improve  efficiency,  spark  innovation, 
etc.)  so  that  it  will  be  competitive,  grow  and  survive  in  both  the  short-  and 
long-term.  Government  to  contractor  incentive/ (gain  sharing)  methodologies 
such  as  IMIP  are  viewed  as  a  way  to  create  win-win  situations  for  both  the 
government  and  defense  contractors,  thereby  satisfying  the  goals  of  each.  The 
primary  benefits  of  such  improved  performance  systems  are  reduced  costs,  while 
maintaining  or  improving  the  quality  of  these  systems.  Examples  of  secondary 
benefits  are:  increased  production  capacity  due  to  expanded  or  modernized 
facilities,  shared  savings  to  offset  lost  profits  to  the  contractor, 
technological  innovation  that  may  have  otherwise  been  prohibitively  expensive, 
proactive  product icity  management  efforts,  etc.  There  are  fairly  obvious 
company  specific  benefits  as  well  as  defense  contractor  system-wide  benefits. 

A  program  of  the  scope  and  character  of  incentive  methodologies  such  as 
IMIP  is  obviously  complex.  There  are  many  elements  of  an  overall  program  that 
must  work  together  successfully  in  order  for  the  intended  desired  outcomes 
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Co  be  achieved.  Critical  elements  involved  are  those  of  measurement  and 
evaluation.  Why?  First,  it  is  implicitly  clear  that  one  cannot  manage  what 
cannot  be  measured.  Secondly,  it  is  clear  that  the  government 
(client/customer)  cannot  share  benefits  unless  these  benefits  can  be  verified. 
We  must  be  able  to  validate  that  productivity  improvement  interventions 
(manufacturing  improvements)  have  the  positive  impact  they  were  projected 
(cost-benefit  analysis)  to  have.  Thirdly,  measurement  and  evaluation  systems 
should  be  designed  so  as  to  motivate,  promote,  and  encourage  proactive 
productivity  improvements.  We  need  to  measure  in  order  to  provide  positive 
feedback  to  the  system.  We  need  improvement -encouraging  measurement  systems 
to  ensure  that  productivity  improvement  is  an  integral,  and  continual,  part  of 
the  contractor's  management  process.  This  ensures  that  improvement  efforts  go 
beyond  the  major,  project-oriented,  manufacturing  investment  projects 
currently  supported  by  Industrial  Modernization  Incentives  type  programs. 
Fourthly,  we  need  to  measure  and  evaluate  so  that  we  can  control  improvement 
implementation,  and  ensure  effective  and  efficient  execution  of  productivity 
improvement  interventions. 

The  purpose  of  the  Phase  III  part  of  the  overall  study  (Phases  I-V)  was 
to  investigate  selected  productivity  measurement/evaluation  models.  Further, 
the  purpose  of  the  Phase  III  study  was  to  evaluate  these  models  (or 
methodologies  as  the  case  may  be)  in  terms  of  their  ability  to  satisfy  the 
four  basic  goals  of  measurement  listed  above.  Three  models  and  one 
methodology  were  investigated  by  a  "paper  test."  The  three  'models'  were: 
(1)  the  Multi-Factor  Productivity  Measurement  Model  (MFPMM),  (2)  Price 
Waterhouse's  Automated  Cost  Baseline  Generator  (ACBG),  which  is  the  software 
tool  that  accompanies  their  Cost  Definition  Methodology  (CDEF),  and  the 
Discounted  Cash  Flow/Shared  Savings  Model  (DCF/SSA).  The  one  methodology 
investigated  was  the  Ling-Temco-Vought ,  Vought  Aerospace  Products  Division, 


V 

K 


a 

* 


£ 

a 

I 

J 

J  ! 

i 


i 


$ 


C t 


K 


ft 


L. 

fc 


2 


i.« 

ft 


integrated  productivity  measurement  system  (LTV/VAPD).  The  distinction 
between  the  terms,  model  and  methodology,  are  clarified  in  Section  III  of  this 
Final  Report. 

Report  Contents 

The  Final  Report  consists  of  three  volumes:  Volumes  I,  II,  III.  Volume 
I  is  a  detailed  summary  of  the  Phase  III  Study,  Volume  II  presents  a  detailed 
analysis  of  the  models  tested  (i.e.,  the  results  of  the  "paper  tests"),  and 
Volume  III  consists  of  the  Final  Report  briefing  materials  presented  to  DoD  on 
January  17,  1986,  at  the  Defense  Systems  Management  College  in  Ft.  Belvoir, 
VA.  The  total  Final  Report  is  divided  into  eight  sections  with  selected 
appendix  material  (Volume  I  -Sections  I-VI;  Volume  II  -Section  VII;  Volume  III 
-Section  VIII).  This  current  section,  the  Executive  Summary,  is  intended  to 
provide  guidance  as  to  how  the  Final  Report  can  best  be  used,  and  to  summarize 
the  basic  findings.  Section  II  provides  the  reader  with  background  material 
as  to  the  goals  and  objectives  of  the  overall  study  (Phases  I-V)  and  the 
results  of  earlier  completed  Phases  (I&II).  Section  III  provides  the  reader 
with  a  little  more  detail  on  Phase  III  and  the  results  of  the  six-month  study. 
Section  IV  provides  a  field  site  description  for  LTV/Vought  Aero  Products 
Division  and  for  a  typical  aerospace  and  defense  contractor.  The  intent  of 
this  section  of  the  report  is  to  acquaint  the  reader  with  the  field  site  for 
the  study  (i.e.  where  the  paper  test  of  the  three  models  were  completed).  The 
section  also  provides  a  description  of  a  "typical"  defense  contractor  so  that 
the  reader  may  compare  and  contrast  LTV/VAPD  with  that  description.  This 
comparison  is  important  if  the  study  results  are  to  be  broadly  interpreted  and 
applied.  Section  V  presents  the  general  approach  taken  in  the  Phase  III  study 
and  the  results  achieved.  The  section  is  lengthy  and  quite  detailed,  with 
the  general  approach  taken  being  described  in  subsection  V.A.  and  each  model 


3 


described  in  some  detail  in  subsection  V.B.1-4.  Applications  of  each  model 
are  discussed  in  subsections  V.C.1-3.  Also,  criteria  used  to  evaluate  each 
model  from  the  perspectives  of  productivity  measurement  and  an  incentive 
methodology  are  presented  in  Subsection  V.D.  Each  model  is  evaluated  against 
these  criteria  in  subsection  V.E.,  and  then  the  LTV/VAPD  integrated 
methodology  is  also  evaluated  in  Subsection  V.F.  Section  V  of  the  Final 
Report  is  a  very  important  section  and  should  be  studied  carefully  by  the 
serious  reader/evaluator. 

Section  VI  provides  specific  recommendations  and  conclusions  that  are 
based  upon  the  Phase  111  study.  Recommendations  relative  to  Phases  IV  &  V  are 
also  included  in  this  section.  Appendix  A  includes  a  detailed  description  of 
each  model/methodology  investigated.  Appendix  B  contains  a  Bibliography 
(updated  from  the  Phase  II  Final  Report  -  1983). 

Section  VII  (Voume  II)  provides  a  very  detailed  analysis  of  each  model. 
It  represents  the  paper  test  itself  and  responds  to  all  the  specific  questions 
raised  in  the  RFP  and  identified  in  the  objective  set  (i.e.,  objectives  2  and 
4).  Section  VIII  (Volume  III)  includes  copies  of  all  the  materials  used  by 
members  of  the  research  team  to  present  a  Final  Report  Draft  briefing  to  DoD 
representatives  on  January  17,  1986,  at  the  Defense  Systems  Management  College 
in  Ft.  Belvoir,  Virginia,  and  also  a  briefing  presented  to  the  Deputy 
Assistant,  Secretary  of  Defense,  on  February  18,  1986,  at  the  Pentagon. 
Major  Assumptions/Study  Constraints 

This  project  began  with  a  broadly  stated  scope  of  objectives.  Due  to 
budget  constraints  and  the  number  of  models  to  be  tested,  the  scope  of  the 
study  was  delimited  significantly  from  the  original  intent  of  the  RFP  to  the 
finally  accepted  proposal.  Therefore,  we  feel  it  is  important  to  state 
implicit  assumptions  and  study  constraints.  The  intent  is  to  recognize  the 
limitations  upon  our  ability  to  extrapolate  findings  from  this  study  to  the 
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entire  defense  contractor  environment.  We  do  not  wish  to  mislead  readers  as 


to  the  extent  to  which  these  findings  are  widely  applicable  in  all  contractor 
settings  and  applications.  We  only  utilized  one  field  test  site,  although  the 
research  team  has  broad  and  extensive  experience  with  other  defense 
contractors.  Our  data,  therefore,  comes  primarily  from  one  site,  while  our 
experience  is  much  broader. 

We  assume  that  the  LTV/VAPD  is  a  fairly  representative  defense 
contractor.  However,  we  recognize  that  there  are  many  dimensions  over  which 
contractors  will  vary  (i.e.,  commercial  vs.  government  business  mix,  prime 
contractor  vs.  subcontractor,  management  style,  technology  employed,  line  of 
business,  size,  etc.).  We  have  attempted  to  describe  the  field  test  site  as 
well  as  possible  in  Section  IV-A.  We  also  attempt  to  describe  a  "typical" 
aerospace  and  defense  contractor/subcontractor  in  Section  IV-B.  The  intent  is 
to  allow  the  reader  to  conclude  whether  conclusions  drawn  from  our  field  test 
site  are  transferable  to  other  sites. 

We  are  confident  that  the  models  themselves  can  and  do  work  in  this 
environment.  They  each  perform  the  tasks  they  were  designed  to  accomplish. 
What  we  are  unsure  of,  due  to  the  limited  scope  of  testing  done  due  to  study 
budget  constraints,  is  the  extent  to  which  these  models  will  be  endorsed  by 
the  contractor  community  and  can  be  developed  into  a  management  system  (i.e., 
a  productivity  management  methodology). 

We  do  not  assume  that  these  three  models  represent  the  universe  of  models 
available  to  accomplish  the  desired  objectives  of  the  government.  They 
certainly  do  not  represent  necessary  or  sufficient  tools  that  a  government 
contractor  must  use  to  succeed  in  business.  They  do,  however,  represent  three 
state-of-the-art  approaches  to  measurement  and  evaluation  of  performance  in 
this  environment.  LTV  has  shorn  that,  when  combined  into  an  integrated  system, 
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they  represent  a  sophisticated  and  useful  management  system. 
Major  Findings 

1.  None  of  the  three  models  tested  will  accomplish  all 
of  the  objectives  desired  by  the  government  or  by 
contractors. 

2.  A  methodology  which  incorporates  the  use  of  a 
variety  of  measurement  and  evaluation  models,  such 
as  the  MFPMM,  CDEF,  and  discounted  cash  flow  models, 
is  required  if  all  the  desired  objectives  of  both 
the  government  and  contractors  are  to  be  satisfied. 

3.  Each  of  the  three  models  tested  has  "soft  spots"  or 
current  developmental  problems  that  need  to  be,  and 
are  being,  worked  on.  All  of  these  models  are 
relatively  new  developments  that  do  have  excellent 
potential . 

A.  Variances  in  operating  systems,  management  styles, 
pressures  and  priorities,  perceived  problems  and 
opportunites ,  and  skilled/competent  productivity 
management  personnel  will  very  likely  make  it  very 
difficult  to  translate  and  transfer  models  and 
methodologies  from  one  company  to  the  next.  The 
issue/problem  of  translation  and  effective  transfer 
needs  to  be  thought  through  very  carefully. 

3.  Each  of  the  models  that  were  paper  tested  was 
initially  designed  to  accomplish  objectives  that  the 
project  team  recognizes  as  subsets  of  a  total 
productivity  managment  program.  The  challenge, 
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then,  will  be  to  identify  the  areas  relating  to  a 
total  productivity  management  program  where  the 
models  overlap  and  the  areas  which  the  models  do 
not  address. 

The  Final  Report  presents  a  preliminary  perspective 
on  how  these  models  can  be  combined  into  an 
effective  productivity  management  methodology.  This 
effort  will  be  enhanced  through  a  case  example  of  a 
defense  contractor  that  has  developed  an  integrated 
productivity  methodology. 

6.  Of  the  three  models  tested,  only  the  MFPMM  actually 
measures  total  input-output  productivity.  The 
DCF/SSA  model  is  an  analysis  tool  designed  to  help 
management  and  the  government  evaluate  the  merits  of 
selected  productivity  improvement  interventions.  It 
is  best  described  as  an  analysis  and  decision-making 
tool  for  planning  and  forecasting  purposes. 

Price  Waterhouse's  Cost  Definition  Methodology 
is  an  approach  developed  to  prepare  performance  and 
cost  baseline  data  in  support  of  commercial  factory 
modernization  or  Department  of  Defense  IMIP's.  CDEF 
utilizes  a  top-down  analysis  technique  which 
facilitates  the  identification  of  appropriate 
performance  and  cost  measurement  criteria,  selection 
of  improvement  opportunites ,  and  economic 
justification  of  identified  investments.  CDEF 
(particularly  the  cost-benefit  tracking  portion) 
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evaluates  project  productivity  strictly  from  the 
expense  perspective,  and  does  not  include  an 
analysis  of  the  revenues  generated  by  the  project. 
Each  of  the  three  models  was  designed  to  accomplish 
an  important  part  of  the  overall  goal  that  DoD  and 
contractors  have  established  in  IMIP-type  programs. 

These  three  models,  when  viewed  together, 
constitute  a  potentially  satisfactory  methodology 
which  can  accomplish  what  the  government  and 
contractors  want  to  do.  Independent  of  other  models 
and  systems,  each  model  is  not  sufficient  to 
accomplish  the  overall  goals  desired  by  the 
government  and  defense  contractors. 

7.  There  are  deficiencies  in  the  software  developed  by 
the  Logistics  Management  Institute  to  implement  the 
OCF/SSA  model.  These  are  identified  by  LTV  in 
subsection  VII-D-2  of  the  Final  Report. 
Westinghouse  also  found  deficiencies  in  this  model 
and  have  developed  their  own  version  of  the  UCF/SSA 
model.  From  the  perspective  of  LTV,  the 
Westinghouse  version  also  has  some  shortcomings  (see 
subsection  VII-D-3).  As  a  result,  LTV  is  in  the 
process  of  designing  their  own  version  of  the 
OCF/SSA  model. 

8.  The  MFPMM  must  be  modified  rather  significantly  to 
function  in  the  defense  contractor  environment.  LTV 
has  successfully  made  this  conversion  and  have  found 
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Che  model  useful  as  an  integral  component  of  their 
productivity  management  methodology.  There  are  some 
developmental  issues  associated  with  the  model  that 
still  need  to  be  resolved. 

9.  The  Price  Waterhouse  model  performs  well  against  the 
criteria  for  which  it  was  designed.  The  up-down 
activity  structure  required  for  data  analysis  may 
differ  from  a  company's  organizational  structure; 
therefore,  a  node-tree  structure  must  be  developed. 
The  effort  required  to  execute  this  step  will  depend 
upon  the  complexity  of  the  processes  or  activities 
performed  by  the  company. 

The  Price  Waterhouse  model  is  being  implemented 
on  numerous  IMIP  and  ManTech  projects,  with  ACBG 
being  used  on  several  of  these  efforts.  Due  to  the 
complexity  of  the  LTV  operations,  LTV  perceives  the 
cost  to  implement  the  complete  CDGF  methodology  to 
be  high  relative  to  their  current  method  of 
performing  cost-benefit  analysis  and  tracking. 
Section  VII-F  contains  a  response  from  Price 
Waterhouse  to  many  of  the  issues  raised  by  LTV. 

10.  It  is  believed  that  each  model  tested  will 
work  in  the  defense  contractor  environment.  They 
each  were  designed  to  accomplish  specific  objectives 
and  are  useful  for  those  purposes.  In  order  to 
develop  a  comprehensive  productivity  management 
effort;  however,  a  combination  of  performance 
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measurement  and  evaluation  techniques  are  required. 

The  analogy  of  a  crown  of  jewels  might  be  used  to 
illustrate  the  relationship.  The  models  tested 
represent  the  jewels  and  are  valuable  in  their  own 
right.  However,  when  the  jewels  are  placed  in  the 
crown  (models  built  into  an  integrated  methodology), 
they  take  on  added  value. 

Recommendat ions 

We  believe  there  is  a  need  for  a  more  systematic  and  disciplined 
productivity  management  effort  in  the  defense  industry.  Improved  measurement 
and  evaluation  systems  must  play  a  key  role  in  this  effort.  Measurement  and 
evaluation  is  complex  in  this  industry  and  no  single  model  will  suffice.  Each 
of  the  three  models  tested  in  this  study  can,  and  have,  played  a  significant 
role  in  productivity  management  efforts  within  the  industry.  We  believe 
further  development  of  the  three  models  is  therefore  necessary.  Perhaps  more 
importantly,  a  generic  methodology  for  productivity  management  efforts  within 
the  industry  needs  to  be  further  developed  and  communicated.  The  role  that 
these  three  models,  and  others,  play  in  that  methodology  needs  to  be 
understood  by  a  broader  audience  within  the  industry  if  any  real  impact  is  to 
be  made. 

There  is  a  reasonable  consensus  among  the  research  team  as  to  how  to 
proceed  during  Phases  IV  and  V  of  the  overall  study.  It  has  been  agreed  that 
proceeding  with  a  field  test  for  the  CDEF  model,  as  outlined  in  the  original 
proposal,  is  not  economically  feasible  without  significantly  reducing  the 
scope  of  the  application.  Since  LTV  is  developing  their  own  version  of  the 
DCF/ SSA  model,  field  testing  that  model,  per  se,  does  not  make  sense.  The 
MFPMM  would  stand  to  benefit  most  from  a  field  test  as  outlined  in  the 
proposal . 
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The  general  recommendation  regarding  a  continuation  of  the  research  is  to 
combine  Phases  IV  &  V  into  a  single,  18  month  project  which  would  develop  and 
test  a  comprehensive  productivity  management  implementation  guide.  The  effort 
would  focus  on  resolving  specific  developmental  needs  of  the  three  models  via 
a  modified,  scaled-down  field  test  at  LTV/VAPD.  We  would  additionally,  "field 
test"  the  methodology,  and  the  models,  with  representative  defense  contractors 
in  an  intensive  workshop  setting.  A  detailed  analysis  of  responses  from 
sampled  contractors  would  be  made  to  assess  points  of  resistance  and 
implementation  barriers.  A  draft  implementation  guide  would  be  reviewed 
during  these  workshops  to  ascertain  the  level  of  industry 
resistance/acceptance.  A  final  implementation  guide  would  benefit  from 
expanded  exposure  to  other  contractors  beyond  LTV/VAPD  and  our  industrial 
advisors.  The  models  and  methodology  would  benefit  from  continued  detailed 
analysis  and  development  with  LTV/VAPD  to  the  extent  necessary. 

Conclusions 

The  paper  tests  of  the  three  models  have  provided  valuable  information 
for  developmental  purposes.  The  details  of  the  paper  tests  in  Section  VII 
identify  specific  developmental  needs  and  describe  how  the  models  apply  (or 
might  apply)  in  a  defense  contractor  setting.  With  respect  to  serving  as  a 
productivity  measurement /evaluation/support  tool  for  incentive  methodology, 
each  model  has  strengths  and  weaknesses.  Such  ambivalence  is  simply  due, 
first  of  all,  to  the  fact  that  a  productivity  "model"  is  only  a  component  of  a 
productivity  program  or  methodology.  It  is  believed  that  only  a  broad-scope 
productivity  program  can  satisfy  the  joint  goals  of  the  DoD  and  defense 
contractors  as  specified  by  IMIP  requirements.  Thus,  to  expect  a  single  model 
to  satisfy  these  joint  goals  and  to  meet  all  the  specifications  for  an 
incentive  methodology  is  probably  unrealistic. 
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An  attempt  has  been  made  in  this  Final  Report  to  evaluate  each  of  the 
three  models  against  a  generic  set  of  criteria  in  order  to  depict  the  relative 
strengths  and  weaknesses  of  each  model  as  directly  related  to  the  intended 
application  (see  Subsections  V.O.  and  V.E.).  The  reader  is  cautioned  against 
viewing  the  term  weakness  as  a  weakness  of  the  model  itself.  Rather,  the 
issue  of  weakness  for  a  particular  model  relates  to  the  model's  performance 
against  a  criterion  established  for  an  application  for  which  the  model  may  not 
have  been  initially  designed. 

The  paper  test  has  revealed  the  critical  need  to  develop  a  productivity 
management  methodology  for  defense  contractors  that  represents  a  "Grand 
Strategy,"  which  can  then  be  tailored  to  suit  specific  situations  and 
circumstances.  Within  this  "Grand  Strategy,"  there  will  be  planning, 
measurement,  evaluation,  control,  and  improvement  needs.  Defense  contractors 
and  the  DoD  need  to  have  a  clearer  understanding  of  how  these  three  models  fit 
into  an  overall  productivity  management  methodology.  The  research  team  offers 
an  initial  version  of  the  Grand  Strategy  in  Section  III.  However,  much  more 
development  should  be  done  in  Phases  IV  and  V  of  the  overall  study. 

A  bottom-line  conclusion  is  the  belief  that  the  goals  these  three  models 
were  designed  to  meet,  and  information  they  were  designed  to  provide,  are 
essential  to  executing  an  effective  incentive  methodology  in  the  defense 
industry.  The  paper  tests  have  succeeded  in  collecting  the  information  they 
were  supposed  to  collect.  Assuming  LTV/VAPD  is  a  typical  aerospace 
contractor,  more  is  now  known  about  how  these  models  can  and  will  work  in  the 
defense  industry.  The  key  questions  to  be  answered  next  relate  to  translation 
in  the  form  of  an  Implementation  Guide  and  the  transfer  of  this  information  to 
the  general  defense  industry  community.  Subsequent  development  and  refinement 
of  the  models  should  proceed  simultaneously  with  the  design  of  a  process  to 
address  the  translation  and  transfer  questions. 
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II.  BACKGROUND 


A.  Overall  Project  Goals  (All  Five  Phases) 

Productivity  in  the  defense  industry  can  be  and  needs  to  be 
improved.  Additionally,  the  deteriorated  condition  of  the  defense 
industrial  base  has  prompted  increased  concern  over  its  capability  to 
respond  to  mobilization  requirements. 

Initiative  Number  5  of  the  Acquisition  Improvement  Program  was 
directed  at  encouraging  capital  investment  to  enhance  productivity. 
In  addition  co  contract  financing  improvements,  several  productivity 
actions  have  emanated  from  the  spirit  of  the  Acquisition  Improvement 
Program.  A  newly  established  Industrial  Productivity  Directorate 
within  OSD  has  the  responsibility  of  providing  leadership  in  the 
productivity  area.  They  serve  as  a  focal  point,  facilitator,  and 
advocate  on  productivity  issues.  Also,  a  DoD  Industrial  Modernization 
Incentives  Program  (IMIP)  was  initiated  which  targets  industry 
through  incentives  to  substantially  increase  its  capital  investments 
with  its  own  financing  in  modem  technology,  plant  and  equipment  for 
defense  work. 

A  requisite  for  product iv it-/  rewards  (sharing)  is  the  ability  to 
accurately  measure  and  track  a  contractor's  productivity  gains.  At 
present,  contractor  efficiency  and  productivity  cannot  be  readily 
measured  and  related  to  a  contract.  A  practical  method  of  measuring 
productivity  and  effecting  rewards  must  be  developed  to  stimulate 
improved  productivity. 
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(Taken  from  final  report  entitled  Contractor  Productivity  Measurement, 
APRO  83-01,  Final  Report,  APRO,  Fort  Lee,  VA  23801) 

1.  Study  Scope 

Phases  I  and  II  of  the  overall  study  investigated  ways  of 
measuring  contractor  productivity  and  relationships  between  possible 
measurement  techniques  and  associated  potential  productivity 
incentives.  Alternatives  for  measuring  productivity,  the  type  of 
productivity  data  needed,  the  type  of  data  currently  available,  and 
the  degree  to  which  the  data  would  be  verifiable  and  suitable  as  a 
basis  for  appropriate  contract  incentives  were  explored.  The  study 
also  looked  at  proposed  incentives  from  the  standpoint  of 
productivity  related  information  needed  to  support  the  incentives. 

2.  Study  Objective 

The  objective  of  this  study  was  to  develop  and  test  measurement 
systems  which  (1)  are  designed  to  complement  IMIP  by  providing  a 
productivity  measurement  and  tracking  system  and,  (2)  may  provide  a 
basis  for  contract  incentives  to  motivate  contractors  to  improve 
their  productivity  through  methods  changes,  management  improvements 
and  other  means  in  addition  to  capital  investment.  Specific 
subobjectives  proposed  to  accomplish  this  were: 

Phase  I.  Develop  specific  definitions  of  contractor 
productivity  appropriate  for  the  products  concerned  and  the 
contracts  involved. 

Phase  II.  Design  measurement  techniques  that  allow  for 
establishing  a  baseline,  tracking  performance,  and  showing 
auditable  results.  Synthesize  the  definitions,  measurement 
techniques  and  reward  mechanisms. 
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Phase  III.  Relate  these  measurement  techniques  to  incentives  and 
reward  mechanisms . 

Phase  III  &  IV.  Test  the  proposed  methodology  on  representative 
contracts  and  contractors  to  determine  the  suitability  for  DoD 
implementation. 

Phase  V.  Based  upon  the  test  results,  recommend  DoD  policy  and 
procedure  coverage,  as  appropriate. 

3.  Study  Approach 

A  study  that  addresses  defense  contractor  productivity 
measurement  is  a  high-risk  effort  in  terms  of  probability  of  success, 
but  it  has  tremendous  potential  benefits  to  be  shared  by  all.  To 
reduce  the  risks  and  improve  the  probability  of  success ,  top-level 
management  within  DoD  and  each  of  the  military  services  has  supported 
this  effort.  To  improve  the  chances  for  system  acceptance  and  to 
establish  credibility  throughout  the  defense  community,  DoD  and  the 
defense  contractors  have  been  involved  in  system  development. 

The  study  team  for  this  DoD  effort  supporting  IMIP  included 
representatives  from  the  following  organizations:  Defense  Systems 
Management  College  (DSMC),  Army  Procurement  Research  Office  (APRO), 
Naval  Office  for  Acquisition  Research  (NOAR)  and  Air  Force  Business 
Research  Management  Center  (AFBRMC).  The  representatives  shared  the 
responsibility  for  completing  the  following  actions  to  meet  the  study 
objectives: 

(a)  Review  pertinent  literature  and  current  policy  relating 
productivity. 
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(b)  Design  •  contractor  survey  and  distribute  it  to  defense 
contractors  through  an  industry  association. 

(c)  Analyse  literature  and  survey  responses. 

(d)  Contact  Government  personnel  in  those  functional  areas 
impacting  productivity  measurement  for  insights  into 
relationships. 

(e)  Visit  selected  contractors  responding  to  the  survey  for 
detailed  follow-up  discussions. 

(f)  Synthesize  proposed  productivity  measurement 
methodology  based  upon  analysis  and  findings. 

(g)  Design  test  plan. 

(h)  Conduct  test. 

(i)  If  warranted,  develop  implementation  guide. 

Actions  (b)-(c)  constituted  Phase  I  of  this  five-phase  project. 
This  phase  was  directed  and  coordinated  by  APRO.  Action  (a)  and  (f) 
constituted  Phase  II  of  the  project  entitled  The  Development 
of  a  Taxonomy  of  Productivity  Measurement  Theories  and  Techniques. 
This  phase  was  executed  by  Dr.  Scott  Sink  (P.I.),  then  at  Oklahoma 
State  University  as  Director  of  the  Oklahoma  Productivity  Center,  and 
Dr.  Thomas  Tuttle,  Director  of  the  Maryland  Center  for  Productivity 
and  Quality  of  Working  Life.  (Sink,  Tuttle,  DeVries,  and  Swaim, 
1983). 

Action  (g)  constitutes  Phase  III  of  this  project  and  is  the  focus 
of  this  final  report.  Action  (h)  constitutes  Phase  IV  and  Action 
(i),  Phase  V.  Phases  IV  and  V  are  optional  and  contingent  upon  the 
results  from  Phase  III  and  funding  availability. 
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B.  Phases  I  and  II  Results 


We  will  not  attempt  to  replicate  what  was  reported  in  the  1984 
(June)  APRO  Final  Report  or  in  the  1983  (November)  Oklahoma  State 
University/Oklahoma  Productivity  Center  (OSU/OPC)  Final  Report. 
However,  it  may  be  beneficial  for  the  reader  to  see  a  summary  of  the 
results  from  the  first  two  phases  of  this  project. 

1.  Phase  I  Results 

The  need  to  improve  productivity  within  the  defense  industry  is 
clear.  Escalating  weapon  systems  production  costs,  a  deteriorating 
defense  industrial  base,  and  foreign  competition  provide  the 
unmistakable  evidence.  DoD's  Industrial  Modernization  Incentives 
Program  (IMIP)  was  initiated  to  address  this  need  by  incentivizing 
defense  contractors  to  improve  productivity.  This  research 
complements  the  IMIP  effort. 

(a)  Productivity  Measurement  Practices. 

Research  conducted  to  date  has  identified  current  contractor 
productivity  measurement  practices.  Contractors  responding  to  a 
survey  of  measurement  practices  ranked  profitability  most 
important  on  a  list  of  organizational  performance  evaluation 
factors.  If  used  at  all,  productivity  was  usually  ranked  fifth, 
after  profitability,  effectiveness,  quality  and  efficiency. 

Problems  encountered  by  the  contractors  measuring  their 
productivity  were  usually  due  to  the  complexities  of  quantifying 
and  relating  the  various  input  and  output  factors  involved. 
Also,  meaningful  indices  were  not  readily  available  to  identify 
productivity  impacts  on  functions  other  than  production. 
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The  respondents  indicated  a  desire  to  keep  any  proposed 
productivity  measurement  system  simple  and  to  base  the  reward 
for  productivity  gains  on  the  cost  difference  between  a  baseline 
and  achieved  cost,  adjusted  for  inflation.  This  is  basically 
the  way  DoD  currently  attempts  productivity  measurement  and  its 
associated  profit  reward  in  the  weighted  guidelines  methodology, 
but  it  has  not  been  successfully  isiplemented  as  currently 
structured. 

There  was  no  evidence  of  a  total  factor  productivity 
measurement  system  implemented  by  the  survey  respondents, 
although  some  attempts  were  being  made  to  develop  such. 
Multiple  indices  were  often  used;  however,  they  were  not 
integrated  as  required  in  a  total  factor  approach.  The  most 
popular  productivity  or  performance-related  indices  being 
tracked  by  defense  contractors  were  value  added/employee  and  a 
comparison  of  standard  hours  to  actual  hours  for  work  performed. 
Some  confusion  existed  as  to  whether  an  index  was  a  productivity 
measurement  (i.e.,  output/input)  or  some  other  performance 
measurement. 

Production  cost  visibility  varied  widely  among  the 
contractors  visited,  but  all  could  provide  direct  labor  and 
material  costs  through  work  center  tracking.  Unfortunately, 
direct  costs  constitute  a  small  and  decreasing  percentage  of 
total  cost,  and  therefore  are  becoming  less  useful  as  the  sole 
basis  for  productivity  measurement.  Indirect  costs  are 
substantial  and  must  also  be  addressed. 
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Tracking  Che  impact  of  an  investment  for  productivity 
improvement  in  the  indirect  areas  gets  obscure,  and  these  areas 
frequently  increase  with  a  decrease  in  direct  costs.  The 
multiple  product,  plant  and  customer  environment  found  at  most 
contractors  visited  further  inhibits  accurate  cost  tracking  of 
the  impact  of  investments  in  productivity  enhancing  equipment. 
Also,  the  follow-up  verification  of  productivity  gains  was 
somewhat  lax,  especially  in  the  indirect  areas. 

From  the  discussions  with  the  contractors  visited,  it 
appeared  that  investments  were  mostly  for  competitive  and 
technological  reasons  rather  than  simply  for  cost  reduction  on 
the  current  contract.  Contractors  tended  to  plan  ahead  to  other 
contracts  and  products  and  stake  investments  accordingly  to 
improve  their  long  run  situation. 

2.  Phase  II  Results 

This  research  also  identified  a  number  of  available  tools  to 
measure  productivity  and  to  help  bring  about  required  improvements. 
The  report  identified,  explained,  classified,  and  evaluated  existing 
productivity  measurement  practices,  theories  and  techniques.  These 
techniques  included  both  productivity  and  surrogate  measurement 
systems.  Surrogate,  or  substitute,  measures  are  thoso  which  measure 
variables  that  are  related  to  productivity  (e.g.,  scrap  reduction, 
cost  reduction),  but  do  not  measure  productivity  (output/input ) 
directly.  Productivity  improvement  efforts  and  accomplishments  can 
be,  and  are  being,  measured  without  the  aid  of  productivity 
measurement  and  evaluation  techniques. 
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While  any  of  the  measurement  tools  identified  can  be,  and 
should  be,  used  by  defense  contractors  to  measure  and  improve  their 
productivity,  only  three  have  the  potential  to  directly  complement 
IMIP.  These  are  the  Multi-Factor  Productivity  Measurement  Model 
(MFPMM)  and  two  surrogate  techniques  -  the  Cost  Benefit  Analysis/Cost 
Benefit  Tracking  (CBA/T)  methodology  and  the  shared  savings 
techniques.  Only  the  MFPMM  and  CBA/T  can  provide  a  basis  for 
determining  savings  (productivity  gains).  The  output  (savings)  is 
used  to  drive  the  DCF  Model  that  calculates  the  shared  savings  needed 
to  achieve  an  acceptable  rate  of  return.  However,  net  savings  that 
can  be  passed  on  to  the  customer  (e.g.,  Dept,  of  Defense)  through 
price  reductions  needs  to  be  in  compliance  with  the  estimating 
methodology  (i.e.,  rates  and  factors)  defined  in  the  contractor's 
disclosure  statement. 

Productivity  measurement  technology  is  currently  able  to 
provide  accurate  productivity  data  to  business  managers.  Although 
the  technology  does  exist,  there  are  several  reasons  why  industry,  in 
general,  is  not  taking  full  advantage  of  state  of  the  art 
techniques . 

(a)  Knowledge  of  the  existence  of  specific  productivity 
measurement  techniques  is  generally  not  widespread.  The  body  of 
industrial  engineers,  productivity  managers,  and  other 
individuals  interested  in  productivity  measurement  is  growing; 
however,  discussion  of  productivity  methodologies  outside  this 
relatively  small  group  is  rather  limited  to  the  general  category 
of  input  and  output. 
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(b)  The  state-of-the-art  techniques  are  less  complex  than 
they  appear,  yet  they  do  require  substantial  effort  to  actually 
implement.  Management  information  systems  are  required  to 
generate,  organize,  and  interpret  data  and  track  productivity 
improvements.  Many  smaller  organizations  might  consider  gross 
indicators  of  cost  and  output  as  an  acceptable  alternative  to 
establishing  an  entirely  new  area  of  effort  and  personnel 
devoted  to  researching  and  implementing  a  complex  productivity 
measurement  system. 

(c)  Some  of  the  macro-measurement  and  other  surrogate 
techniques  may  be  adequate  for  individual  manager's  needs. 
Small  job-shop  operations,  speciality  business,  and  other  low 
volume  or  less  complex  organizations  do  not  require  the 
elaborate  measurement  techniques  that  a  large,  complex, 
multi-product,  high-volume  organization  requires  to  remain 
competitive. 

The  above  comments  are  as  appropriate  for  a  defense 
contractor  as  they  are  for  industry  in  general.  Results  of  the 
industry  survey  indicate  that  productivity  factors  were  ranked 
low  relative  to  other  measures  of  organizational  performance. 
The  defense  contractors'  inattention  to  productivity  measurement 
is  understandable  for  two  reasons. 

(1)  Defense  contractors  are  generally  not  motivated  to 
improve  productivity  because  productivity  improvements  reduce 
cost  and  defense  contractor  profit  opportunity  is  cost  based. 
As  long  as  this  negative  incentive  exists,  contractors  cannot  be 
expected  to  voluntarily  initiate  a  unilateral  program  to  improve 
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productivity.  As  one  attendee  remarked  at  the  1984  Aerospace 
Division  Conference  of  IIE,  the  government's  profit  policy  has 
"incentivized  contractors  into  stagnation." 

(2)  State-of-the-art  productivity  measurement 
methodologies  require  data  analysis.  Existing  management 
information  systems  may  not  be  sufficient  to  provide  the  data 
required  in  terms  of  type,  degree,  or  format.  One  example  is 
the  indirect  cost  contribution  of  a  new  item  of  capital 
equipment  to  one  of  many  products  or  other  cost  objectives. 
Without  specific  government  direction  and  corresponding 
consideration,  it  is  not  reasonable  to  expect  defense 
contractors  to  initiate  changes  to  accounting  systems  and 
information  systems  in  order  to  implement  a  productivity 
measurement  system.  This  is  especially  the  case  if  the  end 
result  is  a  reduction  of  their  cost  base  for  profit 
opportunity . 

The  DoD  is  committed  to  improving  the  productivity  of 
industrial  firms  which  develop,  build,  and  maintain  weapon 
systems,  sub-systems,  and  spare  parts  for  the  armed  forces. 
Manufacturing  Technology  (MANTECH),  Technology  Modernization 
(TECHMOD),  multi-year  contracting,  and  accelerated  depreciation 
are  only  a  few  of  the  programs  which  have  been  instituted  by  DoD 
to  motivate  subcontractors  to  achieve  higher  productivity.  The 
Government  is  also  sharing  the  cost  of  new  equipment  and 
processes  and  cost  savings  with  Contractors.  The  primary 
element  lacking  in  the  program  is  a  productivity  measurement 
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methodology  for  assessing  a  contractor's  productivity  over  time 
and,  in  some  instances,  between  firms  or  the  various  plants  or 
profit  centers  within  a  firm.  This  methodology  should  be  valid, 
simple,  consistent,  reliable,  and  obtain  data  from  existing 
systems  or  sources  (Section  C.3.0,  Background,  Statement  of  Work 
for  Taxonomy  of  Productivity  Measurement  Theories,  RFP 
F33615-83-R-5071). 

Investigations  of  productivity  measurement  theories  and 
techniques  in  the  literature  (and  in  practice),  and 
investigation  of  IMIP,  MANTECH,  and  TECHMOD  policies  and 
procedures  lead  to  the  belief  that  there  is  a  fundamental 
confusion  between  the  concepts  of  "productivity  measurement," 
and  "productivity  improvement  measurement,  evaluation,  and 
verification."  The  mission  of  the  Phase  II  study  was  to 
present,  describe,  analyze  and  assess  existing  productivity 
measurement  theories  and  techniques.  The  techniques  presented 
in  the  Phase  II  Final  Report  (MFPMM,  MCP/PMT,  NPMM,  and 
Surrogate  measures)  are,  in  practice,  customized  to  suit  the 
needs/characteristics  of  the  organizations  implementing  them. 
Still,  the  application  of  each  productivity  measurement/ 
evaluation  technique  (however  customized)  can  fundamentally 
cause  and/or  facilitate  productivity  improvement  and  control. 

Productivity  improvement  efforts  and  accomplishments, 
regardless  of  their  source  can,  and  should  be,  measured  and 
evaluated.  However,  productivity  improvement  efforts  and 
accomplishments  can  be  measured  and  evaluated  without  the  aid  of 
formal  productivity  measurement  and  evaluation  techniques. 
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This  distinction  is  at  the  heart  of  the  relationship  between 
the  Phase  II  study  and  IMIP.  Specific  productivity  improvement 
and  cost  reduction  measurement,  evaluation  and  verification 
procedures  can  be,  and  are  being  developed.  They  utilize  cost 
accounting  systems,  work  standards  data,  engineering  economic 
analysis,  and  conventional  contracting  procedures.  Further, 
these  procedures  can  be  customized  specifically  to  track 
projected  and  actual  savings.  If  adequate  incentives  on  both 
sides  of  the  contact  process  exist  then  we  can  assume  that  each 
side,  Government  and  contractor/sub-contractor,  will  work 
diligently  to  develop  valid,  effective,  and  efficient 
measurement,  evaluation  and  justification  systems  and 
procedures . 

At  the  conclusion  of  the  Phase  II  study,  it  was  not  clear 
how  the  existing  productivity  measurement  and  evaluation 
techniques  could,  would  or  should  interface  with  needed 
productivity  improvement  and  cost  reduction  measurement, 
evaluation,  and  justif ication  procedures.  This  was,  in  the 
opinion  of  the  researchers,  the  next  logical  step  to  take  in  the 
development  of  IMIP  measurement,  evaluation,  and  justification 
procedures. 

3.  Implications  for  IMIP 

In  addition  to  identifying  the  above  techniques,  a  number  of 
insights  were  gained  that  impact  application  of  productivity 
measurement  systems  in  IMIP.  First,  it  is  important  that  any  system 
address  indirect  as  well  as  direct  costs.  Indirect  costs,  such  as 
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for  "information  workers,"  constitute  a  large  and  increasing 
percentage  of  total  contract  cost  and  must  be  assessed  directly 
rather  than  through  burdening  mechanisms  on  direct  costs. 

Current  cost  and  financial  accounting  systems  are  not  directly 
providing  the  cost  visibility  required  for  productivity  control.  It 
is  important  that  productivity  be  related  to  profit  and  manufacturing 
managers  use  productivity  information  feedback  to  manage  and  to 
direct  changes  and  improvements.  It  may  be  that  either  minor 
restructuring  of  expense  accounts  or  simply  tracking  and  extracting 
pertinent  cost  factors  through  the  more  sophisticated  cost  accounting 
systems  will  provide  the  desired  visibility.  The  manufacturing  costs 
are  the  same  -  they  are  just  sliced  differently  to  reflect 
specifically  where  costs  occur  and  to  show  how  they  change. 

The  degree  of  change  required  to  provide  the  cost  visibility 
depends  on  the  existing  accounting  system  and  desired  visibility. 
The  MFPMM,  which  is  already  accounting  system  based,  can  provide  the 
desired  visibility  depending  upon  the  input  and  output  factors 
selected  for  tracking.  While  the  CBA/T  methodology  presents  a  new 
accounting  perspective,  it  is  not  necessarily  compatible  with 
classical  accounting.  If  radical  restructuring  is  not  possible  or 
desired,  templates  or  links  could  be  established  to  extract  the  cost 
information  from  existing  systems  into  a  format  more  suitable  for 
productivity  and  manufact  iring  cost  analysis. 

DoD's  focus  on  contractor  productivity  is  best  made  at  the  macro 
level  of  profitability  and  productivity  as  it  relates  to  specific 
contracts.  The  micro  look  at  cause  and  effect  of  productivity 
changes  from  period  to  period  should  be  left  to  the  contractor.  This 
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does  not  mean  the  productivity  measurement  system  must  attempt  to 
address  all  factors  of  production.  This  may  become  too  complex  and 
costly  to  maintain.  Rather,  an  attempt  should  be  made  to  minimize 
the  cost  of  the  measurement  and  tracking  while  considering  the 
benefits  received.  The  system  should,  though,  be  detailed  enough  to 
accurately  identify  areas  for  productivity  changes. 

Although  the  defense  industry  in  general  is  not  currently 
motivated  to  take  advantage  of  state  of  the  art  productivity 

measurement  techniques,  contractors  operating  under  (or  considering 
involvement  with)  IMIP  procedures  are  highly  motivated.  The  IM1P 
provides  for  sharing  of  cost  savings  due  to  productivity  improvements. 
Measurement  and  tracking  are  crucial  to  credible  development  of  the 
amount  of  savings  to  be  shared.  Since  profit  in  this  case  is  not  cost 
based  in  the  traditional  manner,  contractors  are  not  negatively 
incentivized.  Additionally,  the  implementation  of  a  productivity 
measurement  system  or  methodology  in  itself  should  be  considered  a 
productivity  improvement.  The  cost  to  implement  a  system 
(investments)  could/should  be  treated  as  an  initial  offset  from 
calculated  savings  prior  to  *'  -ring,  and  the  maintenance  of  the  system 
could/should  be  treated  as  an  indirect  expense,  and  included  in  the 
rates  and  factors  used.  As  a  minimum,  the  implementation  should 
be  negotiable  for  on-going  programs  and  considered  in  the  business 
arrangement  for  new  entrants  to  IMIP. 

Since  techniques  are  available  to  measure  productivity 
improvements,  the  issue  of  concern  to  IMIP  is  which  technique  or 
combination  of  techniques  will  provide  data  to  satisfy  both  the 
government  and  industry? 
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4.  Recommendations  from  Phases  I  &  II 


(a)  DoD  should  test  the  following  selected  techniques  in  a 
defense  contractor  environment: 

(1)  Multi-Factor  Productivity  Measurement  Model 

(2)  Cost-Benefit  Analysis /Tracking  Methodology 

(3)  Discounted  Cash  Flow  Model 

The  tests  should  be  conducted  at  multiple  sites  with  a  paper 
test  preceding  a  live  test.  The  tests  will  serve  to  verify  the 
applicability  of  each  technique  to  the  defense  industry  and  to 
identify  areas  needing  correction  or  enhancement  before  widespread 
implementation.  The  tests  should  also  allow  for  a  variety  of 
comparisons  among  the  different  techniques  in  such  areas  as  accuracy, 
consistency,  efficiency,  and  sufficiency. 

(b)  Recognizing  that  no  single  productivity  measurement  system 
will  meet  every  DoD  and  contractor  management  need  for  productivity 
information,  it  is  recommended  that  criteria  be  established  which  a 
contractor's  system  must  satisfy  rather  than  dictating  a  universal 
system  that  all  must  adopt.  This  concept  is  similar  to  that  used  for 
the  Cost/Schedule  Control  System  Criteria  (C/SCSC)  and  allows  the 
contractor  considerable  flexibility.  The  criteria  will  provide  the 
basis  for  determining  whether  a  contractor's  productivity  measurement 
system  is  acceptable.  It  will  set  forth  characteristics  which  a 
contractor's  system  must  possess  and  specify  the  type  of  information 
which  can  be  derived  from  the  system.  It  may  be  possible  that  the 
productivity  measurement  system  criteria  could  be  integrated  into  a 
broader  information  reporting  system  such  as  C/SCSC. 
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(c)  This  research  has  identified  a  number  of  productivity 
related  areas  that  need  further  development.  Two  of  particular 

importance  are  (1)  capacity  utilization  and  how  it  relates  to 

\ 

productivity  and  (2)  productivity  measures  for  indirect  labor  (i.e., 
inf oma: ion/knowledge  workers).  Productivity  and  efficiency  measures 
for  indirect  labor  are  becoming  increasingly  pertinent,  yet  they  are 
not  nearly  as  well  defined  as  for  direct  labor. 

C.  Phase  III  Goals 

G(Phase  III):  to  execute  a  "paper  test"  of  the  three  basic 

models  that  takes  generic  and/or  very  specific  descriptions  of  the 
models  and  evaluates  model  applications  at  a  selected  field  site. 
Objectives  are: 

0l — Evaluate  the  ease  of  measuring  and  evaluating 

"productivity"  using  the  three  models  in  "paper-test"  fashion. 

O2— Develop  a  comprehensive  description  of  inputs  and 
outputs  for  each  model  as  applied  in  "paper-test"  fashion. 

O3 — Attempt  to  compare  results  of  paper  test  from  the  three 
models . 

O^-- Identify  and  describe  in  detail  the  data  required  to 
"drive"  each  model.  Compare  and  contrast  data  requirements  for 
each  model. 

O5— Describe  the  level  (unit  of  analysis)  for  which 
productivity  was  measured  and  evaluated  in  the  field  paper 
tests.  Describe  the  most  appropriate  unit  of  analysis(es)  for 
each  model. 
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06 — Evaluate  the  abilities  o£  the  models,  in  paper  test 
application,  to  satisfy  the  overall  project  goal. 

Oy— —Describe  incentive/revard  system(s),  if  any,  used  by  the 
field  test  site  participating  in  this  evaluation. 

Og— Recommend  (not  develop)  modifications,  if  any,  to  any  or 
all  of  the  three  models  that  would  make  them: 

(a)  easier  to  use 

(b)  easier  to  control 

(c)  easier  to  administer 

(d)  easier  to  obtain  information 

(e)  easier  to  use  incentives /reward  applications. 

O9 — Recommend  whether  to  conduct  a  field  test  (i.e.  Phase 
IV).  Justify  recommendation.  Identify  the  company(ies)  that 
will  participate  and  provide  evidence  of  their  willingness  to  do 
so. 

Project  Management  Objectives  are: 

°10 — Develop  a  detailed  plan  for  Phase  III  execution.  Review 
plan  with  the  DSMC  (COR)  and  review  team  at  DSMC,  Ft.  Belvoir, 
Va.  one  week  after  contractor  award.  Agree  upon  plan. 

On — Submit  a  written  report  summarizing  decision  reached  at 
Initial  Phase  III  planning  meeting  within  two  weeks  after  that 
meeting . 

O12 — Submit  monthly  Progress  Reports.  (Note  that  we  have 
altered  the  frequency  of  these  progress  reports  to  better  fit 
project  milestones,  see  project  timetable  for  frequency  and 
anticipated  sequencing). 

O13 — Make  monthly  progress  briefings,  which  follow,  by 
approximately  2  weeks,  the  written  progress  reports.  (Note  same 
change  in  frequency  as  for  O^.) 
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^14 — Execute  paper  test.  We  will  not  detail  the  specific 
activities  here  as  they  will  be  developed  during  the  initial 
planning  session.  We  have,  however,  indicated  estimated  travel 
and  meeting  times  for  on-site  work  by  investigators. 

0^3 — Provide  a  draft  report  summarizing  the  paper  test  18 
weeks  after  contract  approval. 

Oj^g— Review  comments  and  revisions  for  draft  report. 
Pre-pare  and  submit  final  report  on  or  before  the  26th  week 
after  contract  approval. 

D.  Phases  IV  &  V  Goals 

Phase  IV  goal  is  to  execute  a  field  test  of  the  three  models  to 
further  evaluate  and  develop  model  applications.  Objectives  for 
Phase  IV  are: 

Oj—  Develop  a  field  test  plan  acceptable  to  the  COR. 

O2 — Measure  productivity  (or  evaluate  cost  changes)  over  a 
period  of  time  at  the  various  field  test  site  using  these 
models.  (One  field  test  was  requested  by  DSMC  at  budget 
negotiation  phase). 

O3— Ensure  that  sufficient  test  data  points  are  included  in 
the  measurement  tests  to  ensure  as  much  validity  in  conclusions 
and  inferences  to  be  drawn  as  possible. 

O4  —  Field  test  all  three  models  (MFPMM,  CBT/A,  and  IMIP 
(DCF/SSA)) . 

O5  —  Prepare  and  submit  a  report  on  the  results  of  each 
field  test.  Report  must  address  the  following: 

(a)  ease  of  measuring  productivity  and  tracking  costs  in 
field  test  for  each  model. 
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(b)  description  of  the  inputs  and  outputs  for  field 
application  of  the  models. 

(c)  compare  and  contrast,  where  appropriate,  the  results 
of  field  test  with  the  three  models. 

(d)  identify  and  describe  data  required  for  field 
applications  of  the  models.  Compare  and  contrast 
data  requirements  for  the  three  models. 

(e)  identify  and  describe  the  level  (unit  of  analysis) 
for  which  productivity  was  measured  and  evaluated  in 
the  field  application  tests.  Describe  the  most 
appropriate  unit  of  analysis(es)  for  each  model. 

(f)  evaluate  the  abilities  of  each  model,  in  field 
applications,  to  satisfy  the  overall  project  goal. 

(g)  describe  the  field  site  incentive/reward  systems. 
Evaluate  the  effectiveness  of  the  site  incentive/ 
reward  systems. 

0$— -Evaluate  an  integrated  productivity  measurement  system 
utilizing  all  or  elements  of  the  three  models  tested  as  an 
alternative  measurement  and  evaluation  approach  to  support  an 
incentive  methodology  such  as  IMXP. 

O7— Recommend  approaches  the  Services  should  pursue  relative 
to  measuring  productivity  and  offering  incentives  and  rewards 
for  productivity  improvement. 

Phase  IV  Project  Management  Objectives:  (Same  objectives  as  for 
Phase  III  with  exception  of  deadlines  for  draft  and  final  reports. 
See  project  timetable.) 
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Phase  V  goal  is  to  prepare  an  implementation  report/manual 
that  guides  others  in  execution  of  recommendations  and  alternative 
approaches  identified  in  Phases  III  and  IV.  Objectives  are: 

Oj— : Develop  and  submit  an  implementation  report  that  covers 
the  following  topics: 

(a)  What  does  each  technique  measure?  Is  there  a  clear 
understanding  of  the  measurement?  Can  productivity 
be  measured  continuously,  or  must  it  be  measured  at 
specific  intervals? 

(b)  What  data  are  needed  for  the  measurements?  Are  the 
data  collected  by  a  specific  data  collection  system? 
Is  there  a  general  data  collection  system  available 
or  are  data  collection  systems  unique  to  each 
company? 

(c)  Are  there  data  elements  common  to  the  difference 
measurement  models?  If  so,  to  what  extent  are  they 
common? 

(d)  Are  there  known  relationships  between  unit  price  and 
area  of  productivity  improvement  by  technique?  What 
are  the  attributes  that  can  be  measured? 

(e)  What  knowledge/experience  do  we  have  about  the 
interaction  of  elements  within  a  measurement 
technique?  Is  it  possible  for  some  element  to  show 
negative  relationships? 

(f)  At  what  level  (product  line,  organizational  unit) 
should  productivity  be  measured?  How  is  this  scaled 
to  incentives  and  rewards? 
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(g)  What  is  the  range  of  incentives  and  rewards?  Are 
the  only  funds  available  for  rewards  those  funds 
that  result  from  productivity  improvements? 

(h)  How  can  the  range  of  rewards  be  scaled?  How  should 
rewards  be  related  to  a  company's  risk,  i.e.,  should 
the  company  be  awarded  the  same  amount  for  reducing 
overhead  as  for  a  major  capital  investment  when  the 
unit  price  declines  by  the  same  amount? 

(i)  What  is  the  time  scale  for  making  productivity 
improvements?  Does  it  vary  for  different 
organizational  initiatives?  How  should  the  value  of 
such  improvements  be  determined? 

(j)  Who  validates  productivity  improvements?  Should  the 
company  state  the  improvements,  and  a  Government 
agent  validate  them,  or  should  an  automatic  system 
that  allows  an  improvement  to  be  measured  on  a 
continuous  or  random  basis  by  the  Government  be 
used?  Should  a  committee  be  used  to  validate 
(mainly  from  a  subjective  mode)  improvements? 

(k)  Should  the  Government  develop  a  technique  that  will 
measure  the  ratio  of  input  to  output,  or  should  the 
Government  consider  productivity  as  it  relates  to 
reducing  life  cycle  cost?  Currently,  productivity 
models  do  not  seem  to  include  the  more  global 
concepts  of  relaibility  improvements,  maintainabili¬ 
ty  or  reduced  life  cycle  costs. 
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(1)  Ocher  considerations  Chat  should  be  taken  into 
account  under  the  subject  of  incentives  and 
rewards : 

a.  Sole  Source 

b.  Leader-follower 

c.  Production  1st  run 

d.  Production  Nth  run 

e.  Competition 

f.  Multi-year 

g.  Multi-agency 

h.  Multi-product 

i.  Multi-location 

j.  Commodity/ indue try 

k .  GOCO  operat ions 

l.  GFE/CFE 

m.  Integration 

n.  Subcontractors 

(Objectives  Oj  and  Oj  added  by  Principal  Investigator) 

O2 — Develop  a  description  of  an  approach  for  developing  a 
strategic  plan  for  an  overall,  comprehensive  productivity 
management  effort.  Incorporate  methodology  for  development  of  a 
comprehensive  2-5  year  plan  for  productivity  measurement  and 
incentive  methodology  for  Defense  contractors  and 
subcontractors . 
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03  —  Develop  a  description  of  what  a  comprehensive, 
integrated  productivity  measurement  and  evaluation  effort  would 
look  like  that  incorporated  use  of  all  three  models  tested  in 
this  project. 

Phase  V  Project  Management  Objectives:  (Same  objectives  as  for 
Phases  Ill  and  IV  with  exception  of  deadlines  for  draft  and 
final  reports.  See  project  timetable.) 
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III.  INTRODUCTION:  PHASE  III  RESULTS 


Results:  Research  Goals  and  Objectives  Accomplished 

The  goal  of  the  Phase  III  study  was  to  execute  a  "paper  test"  of  the 
three  models  that  takes  generic  and/or  very  specific  descriptions  of  the 
models  and  evaluates  model  applications  at  a  selected  field  site.  The 
objectives  were: 

0} — Evaluate  the  ease  of  measuring  and/or  evaluating  productivity 
using  these  three  models  in  paper  test  fashion. 

O2 — Develop  a  comprehensive  description  of  inputs  and  outputs  for 
each  model  as  applied  in  paper  test  fashion. 

O3 — Attempt  to  compare  results  of  the  paper  test  from  the  three 
models . 

O4 — Identify  and  describe  in  detail  the  data  required  to  "drive" 
each  model  in  paper  test  application.  Compare  and  contrast  data 
requirements  for  each  model. 

O5 — Describe  the  level  (unit  of  analysis)  for  which  productivity 
was  measured  and  evaluated  in  the  field  paper  test.  Describe  the 
most  appropriate  unit  of  analysis(es)  for  each  model. 

O5 — Evaluate  the  abilities  of  the  models,  in  paper  test 
application,  to  satisfy  the  overall  project  goal. 

O7 — Describe  incentive/reward  system(s),  if  any,  used  by  the 
company  (field  test  site)  participating  in  this  evaluation.  (Note: 
the  RFP  seemed  to  infer  that  the  company  was  to  be  evaluated.  We  do 
not  agree.  The  measurement  and  evaluation  methodologies  were 
evaluated.  Our  field  site  would  probably  not  have  participated  if 
they  felt  they  were  being  evaluated.) 
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Og — Recommend  (not  develop)  modifications,  if  any,  to  any  or  all 
of  the  three  models  that  would  make  them: 

(a)  easier  to  use 

(b)  easier  to  control 

(c)  easier  to  administer 

(d)  easier  to  obtain  information 

(e)  easier  to  use  in  incentives/rewards  applications. 

Og — Recommend  whether  or  not  to  conduct  a  field  test  (i.e.,  Phase 
IV).  Justify  recommendation.  Confirm  that  LTV,  Vought  Aerospace 
Products  Division,  will  participate  in  the  field  test  and  provide 
evidence  of  their  willingness  to  do  so. 

This  goal  has  been  accomplished  and  the  results  are  presented,  with 
considerable  detail,  in  Section  VII.  There  were  nine  sub-goals  or  objectives 
for  Phase  III  (see  Section  II-C)  and  they  have  each  been  accomplished. 
Objectives  1,  8,  and  9  are  addressed  in  Sections  VI  &  VII.  Objectives  2  and  4 
are  detailed  in  Sections  V  and  VII.  Objective  5  is  specifically  addressed  in 
Section  V  and  Section  VII,  subsections  A  thru  E.3.  Objectives  3  and  6  are 
dealt  with  in  Section  V.-D.,  E.,  and  F.  Finally,  Objective  7  is  addressed  in 
Section  IV.  There  is  a  direct  translation  of  goals  and  objectives,  as  spelled 
out  in  the  RFP,  to  those  identified  in  the  proposal  and  finally,  to  those 
accomplished  in  the  research  and  documented  in  this  Final  Report. 

Productivity  Management  Methodology  for  the  Defense  Contractor  Industry 

During  the  course  of  the  research,  the  study  team  wrestled  with  the 
distinction  between  the  concept  of  a  methodology  versus  a  model.  Perhaps  the 
Price  Waterhouse  development  (CDEF)  is  a  very  good  example  of  this 
distinction.  There  is  a  CDEF  methodology  that  is  spelled  out  quite  clearly  in 
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Section  V.  It  represents  an  approach,  a  process,  designed  to  assist 
management  in  gaining  the  support  of  DoD  Industrial  Modernization  Incentives 
programs.  The  CDEF  methodology  is  designed  to  integrate  with  existing 
management  practices,  while  simultaneously  preparing  necessary  information 
required  to  successfully  execute  IMIP-type  efforts.  The  COEF  methodology  is 
comprised  of  a  specific  set  of  models  and  techniques  (i.e.,  CBA,  CBT,  ACBG) . 
One  must  first  understand  the  methodology  in  order  to  completely  benefit  from 
application  of  the  models. 

The  same  analogy  holds  true  at  a  slightly  more  macro  level  relative  to 
this  study.  One  must  understand  a  productivity  management  methodology  or  how 
to  develop  such  a  methodology  in  order  to  fully  benefit  from  an  application  of 
the  three  models  which  were  paper  tested  in  this  study.  It  was  not  within  the 
scope  of  the  contract  to  develop  such  a  methodology,  however,  the  research 
team  found  the  process  of  developing  a  very  rough  first-cut  methodology  to  be 
beneficial.  Figure  III-l  depicts  the  team's  conceptualization  of  a  generic 
productivity  management  methodology  relative  to  the  defense  industry. 

Note  in  this  depiction  of  a  methodology  that  each  of  the  three  models 
tested  in  this  study  can  be  identified  within  the  methodology  in  terms  of 
where  they  are  most  relevant  and  applicable.  For  example,  the  MFPMM  is  used 
by  LTV  as  a  STAGE  l  management  support  system.  The  Discounted  Cash  Flow 
models,  such  as  the  LMI  and  Westinghouse  versions,  are  primarily  STAGE  5 
focussed.  The  Cost  Benefit  Tracking  elements  of  the  CDEF  and  MFPMM  models  are 
STAGE  9  focussed.  The  CDEF  methodology  is  designed  to  interface  with  many  of 
the  stages  in  a  productivity  management  effort  as  shown  in  Firgure  III— 1 .  The 
methodology  depicts  the  process  of  identifying,  selecting,  paying  for, 
implementing,  and  tracking  performance  for  specific  productivity 
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improvement  interventions  in  relationship  with  corporate  or  division  strategic 
planning.  One  should  compare  and  contrast  this  productivity  management 
methodology  with  the  one  presented  in  Sink,  Productivity  Management: 
Planning,  Measurement  and  Evaluation,  Control  and  Improvement,  1985,  John 
Wiley  and  sons . 

FIGURE  III-l 

Generic  Productivity  Management  Methodology 
as  Related  to  Defense  Industry 
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Figure  III-l  (cont.) 

Generic  Product ivity  Management  Methodology 
As  Related  to  Defense  Industry 
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An  example  of  how  a  specific  defense  industry  contractor  has  taken  this 
generic  methodology  and  developed  a  disciplined  application  is  depicted  in 
Figure  III-2. 


FIGURE  III-2 

Depiction  of  LTV/VAPD's  Basic  Approach 
to  Productivity  Management 


Comments:  •  Process  should  be  self -motivated 

•  IMIP  utilized  to  minimize  lost  profit  impact 

•  If  there  were  overall  total  productivity  improvement 
incentives  the  company  would  likely  do  what  Government 
is  after  anyway  and  with  less  difficulty  than  by  way 
of  project  focussed  incentives. 


for  Figures  III-l  &  2 


CDEF  ■  Cost  Definition  Methodology 
MFPMM  *  Multi-Factor  Productivity 
Measurement  Model 
ROM  *  Rough  Order  of  Magnitude 
ROI  ■  Return  on  Investment 
MCP/PMT  ■  Multi-Criteria  Performance/ 
Productivity  Measurement 
Technique 

CBT  ■  Cost/Benefit  Tracking 
CBA  *  Cost/Benefit  Analysis 


IDEF  ■  An  ICAM  Definition  Language 
(Modeling  Techniques) 

MEP  *  Modernization  Efficiency  Projects 
MIP  ■  Modernization  Investment  Projects 
IR&D  *  Investment  Research  &  Development 
IMIP  *  Industrial  Modernization 
Incentives  Program 

LMI  *  Logistics  Management  Institute 
DCF  ■  Discounted  Cash  Flow 
SSA  *  Shared  Savings  Approach 
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In  this  figure,  note  Chat  Che  same  basic  process,  as  porCrayed  in  Figure 
III-l,  is  followed  but  Che  specific  models  used  are  differenc.  The  goals  are 
Che  same,  buc  Che  paths  are  slighcly  different  based  upon  specific  systems, 
management  style,  culture,  and  situations.  It  is  doubtful  chat  many  defense 
contractors  could  explicate  Cheir  produce ivity  management  methodology  nor 
demonstrate  consistent,  disciplined,  and  systematic  use  of  state-of-the-art 
productivity  measurement  models  and  techniques. 

Results  of  the  Phase  III  study  suggest  that  models  and  techniques  applied 
in  the  absence  of  a  methodology,  a  strategic  plan,  or  a  "Grand  Strategy" 
seldom  accrue  the  potential  benefits  available  from  their  application. 
Although  that  which  follows  are  the  results  of  paper  tests  on  three  specific 
models,  the  reader  is  cautioned  to  not  lose  sight  of  the  forest  for  the  trees. 
The  "forest"  is  the  Productivity  Management  Methodology  and  the  "trees"  are 
Che  individual  models. 
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IV.  FIELD  SITE  DESCRIPTION 


The  three  productivity-related  models  were  "paper  tested"  at  only  one 
field  site;  namely,  the  LTV/Vought  Aero  Products  Division  in  Dallas,  Texas. 
From  an  experimental  research  perspective,  a  sample  of  one  may  therefore  lead 
to  some  bias  in  the  experimental  (or  paper  test)  results.  Thus,  in  this 
Section  IV  of  the  Final  Report  the  project  team  has  attempted  to  define  the 
general  environment  at  LTV/VPAD  and  secondly,  to  describe  a  "typical" 
aerospace  and  defense  contractor.  It  is  belived  that  LTV/VAPD  has  an  advanced 
productivity  management  effort  underway  and,  in  this  regard,  may  not  be  a 
"typical"  aerospace  and  defense  contractor. 

A.  LTV/Vought  Aero  Products  Division 

The  LTV  Corporation  consists  of  three  companies:  LTV  Aerospace  and 
Defense  Company,  LTV  Steel  Company,  and  LTV  Energy  Products.  Within  the  LTV 
Aerospace  and  Defense  Company,  there  are  four  divisions:  AM  General  Division 
(Livonia,  Michigan),  Sierra  Research  Division  (Buffalo,  NY),  Vought  Aero 
Products  Division  (Dallas,  TX),  and  the  Vought  Missiles  and  Advanced  Programs 
Division  (Dallas,  TX). 

The  AM  General  Division  is  the  world  leader  in  military  trucks  and 
tactical  mobility.  Over  a  40-year  history,  AM  General  has  built  nearly 
1,000,000  military  trucks  for  the  U.S.  Armed  Forces  and  over  100  friendly 
foreign  nations.  AM  General  offers  a  wide  selection  of  tactical  wheeled 
vehicles  ranging  from  1/4-ton  to  5-ton  trucks. 

The  Sierra  Research  Division  is  a  leading  developer  and  manufacturer  of 
electronic  systems  for  military,  civil  and  commercial  applications. 
Innovative  achievements  in  advanced  electronic,  avionic  and  digital  computer 
technology  include  precision  guidance  and  position-tracking  radar,  aircraft 
stationkeeping,  tactical  data  links,  flight  inspection  and  air  navigation. 
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Targeted  for  future  development  are  electronic  surveillance,  position 
location,  integral  data  transfer  and  all  weather  flight  aids. 

The  Vought  Missiles  and  Advanced  Programs  Division  designs  and  builds 
rockets,  missiles  and  space  systems  and  is  an  aerospace  industry  leader  in 
advanced  technology  research.  The  division  traces  its  history  back  to  the 
Navy  Regulus ,  a  submarine-launched  missile  it  developed  in  the  1950 's  to  give 
the  United  States  an  intercontinental  attack  capability.  Today,  its  Multiple 
Launch  Rocket  System  is  deployed  with  the  artillery  forces  of  the  U.S.  Army 
and  will  also  be  fielded  with  the  armies  of  West  Germany,  the  United  Kingdom, 
France  and  Italy.  The  division's  Lance  missile  serves  as  the  primary 
battlefield  artillery  weapon  for  the  United  States  and  a  number  of  other  NATO 
countries.  Other  major  programs  include  an  anti-satellite  weapon,  a  candidate 
for  the  Joint  Tactical  Missile  System-Army,  the  Hypervelocity  Missile,  the 
Scout  space  launch  vehicle  and  components  for  the  U.S.  space  shuttle  orbiter. 

The  Vought  Aero  Products  Division  was  the  actual  site  for  the  "paper 
test"  of  the  three  productivity  measurement/evaluation  models.  The  division 
operates  facilities  consisting  of  over  6.7  million  square  feet,  principally  in 
Dallas  County,  Texas.  Employing  in  excess  of  14,000  skilled  employees,  this 
68-year  old  airframe  manufacturer  has  produced  more  than  15,000  military 
aircraft  and  hundreds  of  nujor  subsections  of  both  military  and  commercial 
aerostructures  operations. 

The  division  operates  from  a  business  base  of  80%  government  products 
centered  on  the  AFT  and  AFT-intermediate  fuselage  sections  of  the  B-1B  Air 
Force  bomber,  tail  and  refueling  boom  components  for  the  KC-10  tanker  and 
renovation  of  its  own  A-7  Corsair  II  attack  aircraft  for  sale  to  friendly 
foreign  nations.  Commercial  applications  of  Vought  technology  are  found  in 
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tail  sections  for  Boeing  747,  757  and  767  airliners  as  well  as  engine  nacelles 
for  the  Canadair  CL-601  commecial  jet  aircraft. 

The  division's  strength  lies  in  its  highly  productive  material  handling 
and  fabrication  techniques.  Through  extensive  innovation  in  manufacturing 
technologies,  Vought  Aero  Products  has  been  able  to  break  new  ground  in 
production  cost-effectiveness  and  productivity  improvement  techniques. 
Practical  application  is  found  in  the  Flexible  Machining  Cell,  an  automated 
mini-factory,  considered  the  most  advanced  installation  of  its  kind  in  the 
world. 

Recognition  of  the  need  to  improve  competitive  position  and  modernize 
facilities,  equipment,  and  systems  has  induced  productivity  improvement  at 
Vought  Aero  Products  Division.  Productivity  improvement  at  VAPD  results  from 
Division  Management's  proactive  support.  This  support  is  manifest  in  an 
integral  part  of  the  Division'll  annual  Development  Plan,  a  detailed 
Productivity  Plan. 

Within  the  Vought  Aero  Products  Division,  an  integrated  productivity 
measurement,  evaluation,  control  and  improvement  program  is  organized  under 
the  Vice-President  for  Manufacturing  Development  and  Support. 
Organizationally,  this  function  reports  to  division-level  top  management.  The 
Manufacturing  Development  and  Support  function  includes  five  sub-functions: 
Facilities,  Industrial  Engineering,  Industrial  Modernization  (IMOD), 
Manufacturing  Engineering,  and  Tool  Fabrication. 

The  Industrial  Modernization  Group  is  responsible  for  the  development  and 
management  of  the  Productivity  Plan  that  outlines  specific  targets  and 
projects  for  implementation  to  achieve  stated  objectives  and  committed 
productivity  improvement.  This  plan  finds  concurrence  from  functional  vice 
presidents  and  continued  progress  monitoring  via  periodic  Productivity  Council 
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reviews.  In  this  manner,  productivity  improvement  is  supported  and  encouraged 
in  a  continuing  fashion. 

The  Director  of  the  IMOD  sub-function  is  reponsible  for  eight  lower  level 
functions,  among  which  is  Productivity  Requirements.  The  manager  of 
Productivity  Requirements,  in  turn,  has  operational  responsibility  for  five 
major  productivity-related  tasks:  factory  analysis,  productivity  measurement, 
productivity  control,  cost/benefit  tracking,  and  IMIP  planning/ implementation. 
Thus,  at  the  LTV  Aero  Products  Division,  the  operational  responsibility  for 
the  design  and  execution  of  an  integrated  productivity  measurement, 
evaluation,  control  and  improvement  program  occurs  at  the  departmental  level 
in  the  division's  organizational  heirarchy. 

The  cost  structure  of  Vought  Aero  Products  Division  is  similar  to  that 
found  in  other  aerospace  companies.  Direct  and  Overhead  Costs  are  collected 
into  pools  for  Materials,  Manufacturing,  Engineering  and  Logistics.  Indirect 
Costs  that  support  direct  functions  and  activities  are  collected  in  overhead 
accounts.  Other  Direct  Charges,  those  costs  that  are  directly  chargeable  to 
contracts  but  are  not  classified  as  either  Direct  Labor  or  Direct  Material, 
are  collected  into  separate  accounts.  Manufacturing  cost  additions  are 
defined  as  the  sum  of  other  Direct  Charges,  Direct  and  Overhead  Costs  minus 
Independent  Research  and  Development  Costs.  The  General  and  Administrative  (G 
&  A)  expense  pool  consists  of  indirect  costs  incurred  by  support 
organizations.  The  G  &  A  rate  is  the  ratio  of  G  &  A  expenses  to  manufacturing 
cost  additions.  Human  Resources,  Facilities,  and  Data  Processing  costs, 
collected  into  cost  centers,  allocate  their  costs  to  the  pools  as  indirect 
costs . 


* 
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B.  Typical  Aerospace  and  Defense  Industry  Contractor/Subcontractor 

There  are  certain  characteristics  of  a  typical  Aerospace  and  Defense  Industry 
Contractor/Subcontractor  that  Influence  aspects  of  the  total  productivity 
management  process,  particularly  productivity  measurement  and  Incentive 
methodology,  the  prime  focus  of  this  study  contract.  These  characteristics 
can  be  summarized  Into  three  main  categories  —  Products/Technology, 
Flnanclal/Contractlng,  and  Management. 

Product/Technoloqy 

The  aerospace  and  defense  Industry  covers  a  broad  range  of  product/technology 
from  missiles  to  aircraft,  turbine  engines,  avionics  systems,  ground  based 
radar,  electronic  countermeasure  devices,  ammunition,  vehicles,  space  systems, 
oceanic  systems,  ships,  guns,  etc.  Furthermore,  this  range  of  products 
represents  manufacturing  quantities  from  one  of  a  kind  or  limited  production 
of  most  products  up  to  manufacturing  millions  per  year  of  ammunition  type 
products.  The  government  Is  the  Initiator  of  the  product  requirements, 
controls  much  of  the  engineering  design  and  specifications,  yet  manufacturing 
of  these  complex  products  for  the  most  part  Is  done  by  private  Industry. 

There  Is  much  less  program  stability  compared  to  commercial  Industry  since  the 
Congress  controls  the  defense  budget  which  Is  established  yearly.  Multi-year 
program  procurement  Is  too  limited  and  Is  further  hampered  by  lengthy 
Implementation  periods.  Thus,  It  Is  more  difficult  to  develop  a  definitive 
long  term  strategic  plan,  whether  for  OoD  or  private  Industry,  than  In 
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commercial  Industry.  For  the  most  part,  production  volume  and  rates  of 
aerospace  and  defense  Industry  production  are  much  less  than  In  commercial 
Industry.  Furthermore,  commercial  product  and  process  technology,  and 
specifications  are  much  less  complex  than  In  the  aerospace  and  defense 
Industry.  The  mission  of  aerospace  and  defense  Industry  products,  for  the 
most  part,  requires  the  use  of  state-of-the-art  materials  and  manufacturing 
processes  to  fit  more  engineering  functionality  Into  a  smaller  space  of 
lighter  weight  and  greater  strength  and  with  higher  reliability, 
maintainability  and  survivability  than  In  commercial  Industry. 

The  extensive  life  cycle  through  research,  design  and  development  of  the 
product  complexity  of  aerospace  and  defense  products  necessitates,  for  the 
most  part,  manufacturing  Initial  production  prior  to  completing  Full  Scale 
Development  (FSD) .  This  practice.  In  turn,  generates  numerous  and  continuous 
engineering  changes  that  have  a  significant  Impact  on  manufacturing.  From 
DoD's  point  of  view,  weapons  system  requirements  are  continuously  reviewed  and 
Improved  as  new  technology  or  an  Identified  foreign  threat  changes.  These 
engineering  changes  often  require  manufacturing  process  changes  which  then 
nust  be  developed  and  refined. 

r1nanc1al/Contract1nq 

The  DD633  format  required  by  DoD  as  an  Input  for  price  visibility  from 
Contractors  for  major  systems  procurement  provides  for  the  following  specific 
:ost  account  categories: 
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1. 


Purchased  Materials  and  Services 


a.  Purchased  Parcs 

b.  Subcontracted  Items 

c.  Development  materials 

2.  Procurement  Burden 

3.  Interdlvlslonal  Transfers 

4.  Engineering 

a.  labor 

b.  overhead 

5.  Factory 

a.  labor 

b.  overhead 

6.  Other  Costs 

a.  computer 

b.  travel 

c.  tooling 

d.  miscellaneous 

Productivity  Improvement  can  be  reflected  In  any  of  the  above  cost  account 
categories.  Factory  labor  costs,  for  the  most  part,  are  established  by  work 
measurement  standards  and/or  parametric  estimates.  Engineering  labor  Is 
estimated  based  on  engineering  judgment.  Purchased  materials  and  services  are 
mostly  based  on  vendor  quotations  and/or  parametric  estimates.  Rates  and 
factors  for  labor  and  material  are  negotiated  yearly  based  on  department 
budgets.  Those  non-dlrect  cost  department  budgets  are  allocated  to  direct 
cost  centers  and/or  purchased  material  and  reflected  In  the  negotiated  rates 
and  factors. 
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The  cost  of  goods  sold  for  Direct  Manufacturing  Labor  Is  made  up  of  many 
process  demands  that  comprise  work  centers,  that  collectively  organize  Into 
budget  centers  that  summarize  to  be  cost  centers  which  Is  the  organization 
level  at  which  pricing  Is  applied.  These  cost  centers  at  which  pricing  Is 
applied  further  aggregate  to  the  total  business  unit  Cost  of  Goods  Sold.  The 
summary  of  the  total  budgeted  labor  hours  at  the  level  that  the  overhead  rate 
Is  established  times  the  costing  rate  Is  the  total  budgeted  cost  of  goods  sold 
for  the  business  unit.  Individual  products  and/or  services  that  are  sold  are 
priced  at  specific  hours  times  the  composite  costing  rate  and/or  material  plus 
material  burden  rate.  Actual  realized  costs  for  any  given  process  are  that 
which  are  Incurred  at  each  work  center,  based  on  Individual  budget  center 
rates  and  factors  not  the  composite  rates  and  factors  used  for  pricing. 

The  historical  philosophy  of  Aerospace  Defense  Contractors  approach  to  cost 
accounting  has  been  to  collect  and  allocate  projects  costs  at  the  macro 
level.  This  approach  yields  aggregate  costing  rates  which  tend  to  neutralize 
manufacturing  process  cost  realization  from  a  wide  range  of  resource 
utilization.  To  provide  a  most  effective  evaluation  of  IMIP  project 
Implementation,  a  more  specific  allocation  of  resource  utilization  Is  proposed. 

The  typical  contractor  might  have  two  hundred  budget  centers  that  are  summed 
to  six  cost  centers  to  yield  so-called  homogeneous  labor  rates.  Examples  of 
categories  within  the  factory  are:  test,  assembly,  fabrication,  reliability, 
support  and  so  on. 
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Sample  Business  Unit  Rates  Breakdown 


Most  Aerospace  companies  have  separate  costing  rates  for  at  least  Machine 
Shop,  Assembly  and  Test  Manufacturing  Labor  as  well  as  Manufacturing  Support 
and  Engineering.  Within  each  function  are  simple,  average  and  complex 
categories  of  complexity.  In  the  Machine  Shop,  a  simple  workcenter  would  be  a 
drill  press  versus  turret  lathe  (average  workcenter)  and  NC  machining  (complex 
workcenter).  In  Assembly,  a  simple  department  would  be  cable  assembly  versus 
Printed  Wiring  Assembly  (average  complexity  department)  versus  microwave 
module  assembly  and/or  final  assembly  (complex  department).  Similarly,  test 
department  complexity  ranges  from  a  simple  GO-NO  GO  test  to  complex  test  and 
tune  calibration. 


In  addition,  whether  It  be  machine,  assembly  and/or  test  labor,  a  contractor 
can  submit  an  IMIP  to  automate  a  manual  process  for  simple,  average  and/or 
complex  machine  shop,  assembly  and/or  test  labor. 
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In  general,  OoO  contractors  allocate  costs  on  the  basis  of  budgeted  labor 
hours.  Items  of  cost  such  as  depreciation,  utilities  and  space  are  allocated 
as  Indirect  costs  on  the  basis  of  budgeted  labor  hours  and  are  quoted  at  the 
same  rate  for  each  budget  center  In  the  business  unit.  Technical  views  of 
specific  cost  driving  elements  are  not  necessarily  synonymous  with  a  business 
unit's  pricing  methodology. 

Factory  overhead  rates  are  composed  of  accounts  that  are  common  to  every 
factory  functional  area.  They  will  differ  with  the  specific  process  area 
level  of  allocation  (In  dollar  value). 

The  average  factory  overhead  rate  might  Include  the  following  categorization 
of  accounts: 

Direct  Labor  Costs 

Holiday 

Vacation 

Benefits 
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Direct  Labor  Overhead  Costs 

Meetings 
Travel 
Training 
Supervision 
Administration 
Dept  Support 
Equip.  Deprec 
-  Utilities 
Maintenance 
Space 

Expendables 

Allocation  Costs 

Management 

Materials 

Technical 

Prod  Assurance 

Computer 

Finance 

Miscellaneous 

The  contractors  negotiated  rates  and  factors,  estimating  and  pricing 
methodology,  and  cost  accounting  format  need  to  meet  Cost  Accounting  Standards 
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(CAS)  and  specific  military  specifications  and/or  standards  such  as  OoD 
7000.2  C/SCSC,  Mll-Std  1528  Production  Management,  Mll-Std  1567A  Work 
Measurement,  Mll-Std  150  Corrective  Action  and  AFCMD  R178.1  CMSEP.  The 
specific  methodology  used  by  contractors  needs  to  be  specified  In  the 
Contractors  Disclosure  Statement. 

Management 

There  Is  a  broad  range  of  types  and  size  of  companies  ranging  from  small  Job 
sites  of  less  than  100  people  manufacturing  a  single  product  for  a  single 
customer  up  to  divisions  of  most  of  the  Fortune  500  companies  manufacturing  a 
full  range  of  products  for  many  DoO  customers  —  Air  Force,  Army,  Navy,  NASA, 
Department  of  Energy,  etc.  Thus,  a  broad  range  of  management  leadership, 
style  and  culture  prevails  both  within  government  and  private  Industry. 
Intensive  regulations  (DAR  and  FAR)  define  the  acquisition  process.  One 
overriding  regulation  Is  the  weighted  guidelines  that  control  profit  by 
contractors  to  a  fixed  percentage  of  the  cost  of  goods  sold.  Thus,  there  Is  a 
negative  Incentive  to  reduce  costs. 

There  are  extensive  auditing  functions  within  government  DoD  to  assure  that 
the  numerous  regulations  and  standards  are  being  followed.  Certainly  from  a 
productivity  management  standpoint,  these  characteristics  have  a  significant 
Impact  on  the  motive  for  productivity  measurement.  There  needs  to  be  a 
champ1on( s)  for  productivity  Improvement  both  within  the 
contractor/subcontractor,  as  well  as  DoD, If  significant  gains  are  to  be 
realized. 
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Increasingly,  managers  must  learn  to  be  situational  leaders.  There  Is  no  one 
best  style  or  way  to  manage.  The  preference  for  possible  outcomes,  belief 
about  cause  and  effect,  and  standards  of  desirability  vary  significantly 
within  and  between  organizations.  In  the  aerospace  and  defense  Industry,  much 
of  the  performance  criteria  are  controlled  by  regulations,  specifications  and 
are  subject  to  extensive  and  varied  Interpretation  that  makes  It  difficult  to 
know  the  right  things  to  be  devoting  resources  towards,  know  how  to  accomplish 
these  goals  and  objectives,  and  know  If  and  how  well  these  goals  and 
objectives  are  being  accomplished. 

LTV/Vought  Aero  Products  Division 

LTV/Vought  Aero  Products  Division  (LTV/VAPD)  Is  considered  to  be  a  large 
subcontractor  manufacturing  a  wide  range  of  products  to  all  three  services. 
From  a  product/technology  standpoint,  LTV/VAPO  are  manufacturing  a  wide  range 
of  products,  of  varying  product  volume  and  rates  of  production,  of  average 
product  complexity.  From  a  manufacturing  standpoint,  LTV/VAPD  have  been  an 
Industry  leader  In  Incorporating  Its  highly  productive  material  handling  and 
fabrication  techniques.  LTV/VAPO  has  been  an  Industry  leader  In  the  Air  Force 
ICAM  program  serving  as  prime  contractor  for  the  ICAM  conceptual  design  for 
computer-integrated-manufacturing  project  priority  1105. 

From  a  flnanclal/contractor  standpoint,  LTV/VAPD  very  much  represents  a 
typical  aerospace  and  defense  Industry  contractor.  However,  from  an  Internal 
management  standpoint,  LTV/VAPD  are  more  active  and  committed  to  productivity 
management  than  the  typical  aerospace  and  defense  Industry  contractor.  In 


55 


particular,  their  application  of  Integrated  structured  productivity 
measurement,  evaluations  and  control  approach  to  process  selection  for 
productivity  Improvement.  However,  they  face  external  factors  greater  than 
average  In  working  with  their  customer(s)  to  Implement  their  strategy. 
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V.  APPROACH  AND  RESULTS 


A.  General  Approach 

Our  general  approach  taken  to  accomplish  the  goals  and 
objectives  of  Phase  III  was  to  allow  each  subcontractor  to 
autonomously  coordinate  and  execute  the  "paper  test"  for  his 
specific  model.  Per  our  proposal  response  to  the  RFP,  we  decided  to 
actually  paper  test  four  models  or  approaches.  Figure  V. I  indicates 
the  models  tested  and  the  researcher/research  team  responsible  for 
the  specific  test. 


Model  or  Approach 
CDEF 
DCF/SSA 

MFPMM 

LTV/VAPD 

Integrated 

Approach 


Researcher/Research  Team  Responsible 

Thayer/Price  Waterhouse 

Engwall/Westinghouse 

Agee/VPI-VPC 

Sink/VPI-VPC 

Dhir/LTV-VAPD 

Sink/VPI-VPC 


Figure  V.I  Breakdown  of  Responsibilities  for  Paper  Tests 


(NOTE:  LTV-VAPD  also  independently  "Paper  Tested"  each  of  the 
three  prescribed  models.) 


Overall  project  coordination  was  provided  by  Or.  Sink  and  the 
VPC  staff  with  support  from  Dr.  Tuttle  of  the  MCPQWL.  Dr.  Agee 
(VPC)  specifically  worked  with  Mrs.  Thayer,  Mr.  Engwall  and  Mr.  Dhir 
to  coordinate  the  paper  tests  for  the  CDEF  and  DCF/SSA  models.  Dr. 
Sink,  in  addition  to  providing  overall  project  coordination  and 
management,  specifically  worked  closely  with  Mr.  Dhir  and  his  staff 
to  paper  test  the  MFPMM  and  the  Integrated  LTV  approach. 
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Project  milestone  charts  for  the  overall  effort  and  each  model 
paper  test  appear  in  Tables  V.2-5.  Two  progress  reports  were 
generated  and  distributed  to  the  research  team,  project  director, 
and  advisory  committee  (24  September  1985  and  14  November  1985). 
Three  joint  working  sessions  with  all  research  team  members  in 
attendance  were  held  over  the  six  month  contract  period  (26  July 
1985,  Ft.  Belvoir,  VA;  14-15  August  1985,  LTV,  Dallas,  TX;  16-17 
December  1985,  VPI-VPC,  Blacksburg,  VA).  Our  first  meeting  at  LTV 
was  designed  to  develop  a  plan  of  attack  and  to  establish  some 
ground  rules  for  the  project  team  to  follow.  We  outlined  the  final 
report,  established  dates  for  progress  reports  from  the 
subcontractors,  discussed  fundamental  issues  relative  to  the  goals 


and  objectives 

of 

the  project, 

and  established 

specific 

account abil it ies 

and 

deliverables. 

In  particular, 

we  spent 

considerable  time  discussing  the  difference  between  a  "paper  test" 
and  a  "field  test."  Our  conclusion  was  that  the  paper  test  should 
evaluate  the  models,  on  paper,  addressing  specific  questions  raised 
in  the  RFP.  We  did  not  view  development  or  extensive  data  analysis 
with  the  models  as  within  the  scope  of  Phase  III. 

The  details  of  our  general  approach  are  reflected  in  what 
follows . 
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B.  Description  of  Each  Model 

1.  Description  of  Price  Waterhouse's  Cost  Definition  Methodolo 


Price  Waterhouse  has  developed  its  CDEF  Methodology  as  an 
approach  for  preparing  performance  and  cost  baseline  data  in 
support  of  commercial  factory  modernization  or  Department  of 
Defense  Industrial  Modernization  Incentives  Programs  -  IMIP's. 
CDEF  utilizes  a  top-down  analysis  technique  which  facilitates  the 
identification  of  appropriate  performance  and  cost  measurement 
criteria,  selection  of  improvement  opportunities,  and  economic 
justification  of  identified  investments.  The  CDEF  methodology 
has  been  developed  as  a  result  of  work  performed  for  several 
Price  Waterhouse  clients;  therefore,  it  has  been  field  developed 
and  found  workable. 

The  CDEF  Methodology  has  been  tailored  to  accommodate  several 
objectives: 

o  Provide  an  auditable,  consistent  approach  for  performance  and 
cost-benefit  analysis  and  tracking. 

o  Identify  the  true  costs  of  a  manufacturing  process  to  clearly 
establish  savings  criteria. 

o  Provide  outputs  that  remain  reliable  when  product  mix  and 
volume  changes  over  time. 

o  Provide  a  mechanism  for  evaluating  project  and  compensating 
for  project  risk. 

Price  Waterhouse  has  developed  nine  criteria  that  form  the  basic 
elements  of  the  CDEF  Methodology.  In  addition  to  these  nine 
criteria,  a  software  tool,  the  Automated  Cost  Baseline  Generator 
(ACBG)  has  been  developed  to  ease  the  level  of  calculating  that 
must  be  performed  when  developing  cost  and  performance  baselines. 
The  nine  criteria  are  as  follows: 

1)  Has  a  functional  structure  been  used? 

The  node  tree  diagram  shown  in  Figure  V.l  represents  a  typi¬ 
cal  aerospace  "top-down"  approach  for  identifying  manufactur¬ 
ing  activities.  By  documenting  all  manufacturing  activities 
within  a  project's  scope,  greater  assurance  is  provided  that 
total  cost  is  captured  and  that  significant  performance 
measurements  are  identified. 

2)  Have  Function  Groups  been  identified? 

Function  Groups  are  defined  as  the  group(s)  of  low  level 
nodes  that  are  impacted  by  t  given  technology  improvement 
pr  ogram . 


59 


3)  Have  the  total  costs  for  the  baseline  period  been  "mapped" 
against  the  functional  (top  down)  structure? 

The  overlay  of  the  total  operating  costs  against  the 
functional  structure  establishes  input/output  cost  measures. 

4)  Has  a  comprehensive  Manufacturing  Cost  Model  been  identified? 

A  typical  manufacturing  cost  model  groups  cost  by  material 
segments,  labor  segments  and  overhead  and  support  segments. 

5)  Have  Critical  Success  Factors  and  the  related  performance 
measures  been  identified? 

Critical  Success  Factors  are  defined  as  those  performance 
measurement  criteria  that  must  be  satisfied  if  the  expected 
goals  of  a  given  project  are  to  be  attained. 

6)  Have  "As  Is"  and  "To  Be"  cost  and  performance  baselines  been 
established? 

The  primary  reason  for  developing  baselines  is  to  provide  a 
mechanism  for  monitoring  and  analyzing  cost  and  performance 
behavior  pattern  changes  as  a  given  technology  is 
implemen  ted . 

7)  Has  project  risk  been  considered? 

By  identifying  and  documenting  the  risk  aspects  of  the  pro¬ 
ject,  alternative  scenarios  for  controlling  it  can  be 
prepared. 

8)  Have  the  synergistic  impacts  of  the  technology  improvements 
been  considered? 

The  concept  of  synergistic  identification  is  applicable  when 
multiple  projects  with  multiple  technologies  are  being 
implemented  simultaneously  within  a  single  program. 

9)  Has  a  benefits  tracking  plan  been  developed? 

The  benefits  tracking  plan  "closes  the  loop"  of  the  cost- 
benefit  process  and  helps  assure  that  what  was  planned  is 
realized. 

Additional  information  regarding  the  details  of  CDEF  is  provided 
in  the  appendix  to  this  volume. 
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Figure  V. 1 
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2.  DCF/SSA 


rhe  objective  of  the  DCF/SSA  is  to  provide  a  basis  for  analyzing  a  proposed 
Industrial  Modernization  Incentives  Program  (IMIP)  business  arrangement  for 
the  contractor,  the  Department  of  Defense  (DoD),  and  the  Government. 

rhere  are  two  versions  of  application  of  the  DCF  model  philosophy  included 
herein:  the  Westinghouse  version  and  the  Logistics  Management  Institute  (LMI) 
version. 

rhe  Westinghouse  DCF/SSA  model  was  developed  for  implementation  of  the  USAF 
Electronic  Systems  Division/Westinghouse  Get  PRICE  Program  which  was  initiated 
July  31,  1981.  The  LMI  DCF/SSA  model  was  prepared  pursuant  to  DoD  Contract 
\lo.  MDA903 -  81-C-0166  January,  1984  for  performing  discounted  cash  flow 
analysis  of  IMIP  proposals. 

dhile  the  internal  rate  of  return  (IRR)  calculation  method  utilized  in  both 
nodels  is  basically  identical,  the  two  have  inherent  disparities  in  the 
approach  to  the  net  cash  flow  calculations.  However  the  net  affect  of  each 
nodel  will  -yield  similar  results  given  identical  input. 

rhe  purpose  of  the  DCF/SSA  is  to  provide  an  evaluation  tool  for  capital 
investment  decisions  by  measuring  a  projected  rate  of  return  of  proposed 
investment  projects.  An  acceptable  return  rate  is  compared  to  the  calculated 
net  cash  flow  rate  of  return  projection  to  ascertain  financial  feasibility. 

INPUT 

Required  inputs  include  projected  investment  and  savings  applicable  to  the 
aroject.  Investment  will  include: 

Project  expense  -  annual  expenditures  for  design,  development,  support, 

follow,  etc. 

Project  capital  -  annual  expenditures  for  the  various  categories  of 

equipments  as  well  as  land,  buildings,  etc. 
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Savings  will  include  three  categories  and  must  be  identified  in  annual 
increments : 

-  Total  Government  savings 

-  Savings  applicable  to  programs  identified  as  participants  in 
sharing. 

-  Commercial  program  savings 


OUTPUT 

The  salient  output  feature  of  the  DCF/SSA  model  is  the  Net  Cash  Flow  per 
annum.  The  output  elements  of  the  model's  net  cash  flow  line  are: 

1)  CAS  409  Depreciation  Recovery  -  straight  line  depreciation  recovery 
(CAS409) . 

2)  Expense  Recovery- 

-  The  model  accounts  for  Recovery  through  labor  rates  of  Expenses 
invested,  discounted  for  a  level  of  Commercial  Business  included 
in  the  business  base. 

> 

3)  Cost  of  Money  (CAS  414) 

Utilizing  the  U.S.  Department  of  the  Treasury  published  rates,  the 
model  accounts  for  the  facilities  capital  investment  cost  recovery 
discounted  by  the  level  of  commercial  business  included  in  the 
business  base. 

4)  Profit  on  Recoverables 

The  model  allows  for  a  percentage  recovery  of  costs  recovered  at  the 
direct  cost  level  discounted  for  commercial  business  in  the  business 
base. 

5)  Loss  on  Savings 

The  Model  accounts  for  the  level  of  profit  not  realized  due  to  the 
substantial  level  of  savings  generated.  The  average  government 
savings  per  year  times  the  negative  value  of  the  appropriate  weighted 
guide  lines  profit  level  yields  this  value. 
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6)  Retained  Savings 

The  model  provides  for  retention  of  savings  allocated  to  any  in 
process  fixed  price  government  contracts  as  well  as  any  commercial 
business  included  in  the  business  base. 

Refer  to  the  Appendix  of  this  Volume  I  for  detailed  descriptions  of  each  of  the 
two  models. 
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3.  Multi-Factor  Productivity  Measurement  Model  (MFPMM) 

The  Multi-Factor  Productivity  Measurement  Model  is  designed  as  a 
decision/management  support  system  to  provide  management  with  data 
and  information  about  how  a  system  is  performing.  For  information 
on  the  background,  development  and  evolution  of  the  model  see  Sink, 
1985.  The  model  can  be  and  is  being  utilized:  (1)  to  obtain  an 
overall,  integrated  measure  and  trend  for  productivity  at  the  firm, 
division  or  plant  level;  (2)  to  provide  an  analytical  audit  of  past 
performance;  (3)  for  budget  control,  analysis,  and  projection 
evaluation;  (4)  for  common  price  financial  statements;  (5)  to  assess 
and  evaluate  bottom-line  impact  on  profits  of  various  productivity 
and  price-recovery  intervention;  (6)  to  track  the  impact  of  various 
specific  productivity  improvement  interventions;  (7)  to  provide  the 
measurement  tool  and  base  for  gainsharing  systems,  (8)  to  assist  in 
setting  and  achieving  productivity  objectives  and  to  integrate  with 
general  strategic  planning,  relative  to  capacity  utilization, 
efficiency,  marketing  efforts,  cost  management,  resource 
utilization,  etc. 

The  basic  model,  over  the  years,  has  been  and  is  known  by  many 
names.  For  example,  various  versions  are  called:  REALST,  Total 
Factor  Productivity  Measurement  Model,  Total  Productivity  Model. 
The  specific  model  tested  in  this  project  is  a  version  called  the 
Multi-Factor  Productivity  Measurement  Model  developed  by  Dr.  D. 
Scott  Sink  and  associates  over  the  past  seven  years. 

The  description  of  the  MFPMM  that  follows  is  extracted  from  a 
recently  published  book  written  by  Dr.  Sink.  The  excerpt  is 
reprinted  with  permission  from  John  Wiley  and  Sons. 
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MFPMM  Basics 


As  we  have  mentioned  earlier,  productivity  measurement  can  be  impeded  by¬ 
product  variety  and  the  multiplicity  of  various  resources  utilized.  Person-hours 
cannot  be  combined  with  tons  of  steel,  dollars  of  capital  equipment,  kilowatt- 
hours,  and  so  forth  for  a  resource  total.  Nor  could  a  Westinghouse  or  a  General 
Electric  add  up  the  number  of  motors,  refrigerators,  electrical  components,  and 
so  forth  to  get  a  measure  of  total  product.  The  dollar,  in  the  case  of  the  United 
States,  is  a  convenient  common  denominator. 

Since  productivity  gains  or  losses  are  distributed  via  the  price  system  (the 
customer,  stockholder,  owner,  and  employee  benefit  or  lose  according  to  shifts 
in  productivity),  it  seems  appropriate  to  use  the  yardstick  of  that  system- 
money — to  analyze  the  distribution.  However,  the  dollar  or  any  other  currency 
is,  particularly  in  the  current  economic  period,  a  variable  standard.  Therefore, 
in  order  to  use  the  dollar  as  an  aggregating  measure,  the  variability  needs  to  be 
taken  out  (Davis,  1955).  One  major  characteristic  of  the  model  to  be  presented 
is  a  requirement  for  and  incorporation  of  a  "revaluing,"  devaluing,  or  indexing 
mechanism.  In  essence,  the  model  "partials  out"  or  holds  constant  price  and 
cost  changes  over  time.  This  is  accomplished  either  with  the  actual  revaluing  of 
outputs  and/or  inputs  prior  to  use  in  the  model  or  by  selecting  a  base  period 
for  the  model  and  "automatically"  indexing  prices  and  costs  back  to  that  period. 

The  basic  concept  of  productivity  measurement  utilizing  constant  value  prices 
and  costs  is  presented  in  Table  5.2.  As  one  can  see,  by  revaluing  or  indexing  to 
base  year  values,  the  analysis  simply  partials  out  or  removes  the  influence  in 
price  and  cost  changes  from  the  base  year  or  period  to  the  current  year  or  period. 
What  remains  is  the  constant  dollar  value  of  output  and  input  resources  con¬ 
sumed.  When  these  two  values  are  compared  for  the  base  year,  we  establish  a 
productivity  ratio  labeled  output  per  dollar  of  input.  When  the  current  year  or 
period  productivity  ratio  is  compared  to  the  base  year  or  period,  we  establish  a 
productivity  index.  This  table  and  these  measures  of  productivity  are  consistent 
with  the  development  presented  in  Chapter  2. 

From  a  pragmatic  business  sense,  the  underlying  purpose  of  productivity 
measurement  and  evaluation  is  to  improve  business  operations  and  competitive 
position  so  as  to  enhance  accomplishment  of  longer-term  goals  of  survival, 
profitability,  missions,  effectiveness,  and  so  forth.  "Without  productivity  ob¬ 
jectives,  a  business  does  not  have  direction.  Without  productivity  measurement, 
it  does  not  have  control"  (Drucker,  1980).  The  MFPMM  can  be  utilized  to  measure 
productivity  change  in  labor,  materials,  energy,  and  even  capital,  although  it  is 
not  explicitly  treated  in  this  book.  It  can  also  be  used  to  measure  the  effects  of 
these  changes  separately  as  well  as  in  aggregate  on  corresponding  change  in 
business  profitability  or,  in  the  case  of  public-sector  nonprofit  firms,  in  budget 
maintenance.  As  van  Loggerenberg  and  Cucchiaro  (1982)  point  out,  this  "new" 
technique  can  be  utilized  to 

1.  Monitor  historical  productivity  performance  and  measure  how  much,  in  dol¬ 
lars,  profits  were  affected  bv  productivity  growth  or  decline 

2  Evaluate  company  profit  plans  to  assess  and  determine  the  acceptbilitv  and 
reasonableness  or  productivity  changes  in  relation  to  those  plans 
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Table  5.2  Illustrative  Calculation  of  Productivity  Change  Using  Output  and  Input 
Data  Revalued  at  Constant  Prices 

(Output  and  input  totals  in  millions  of  dollars) 

C1VEN  YEAR  REVALUED 

ITEM 

BASE  YEAR 

AT  BASE-YEAR  PRICES 

Case  A.  Increase  in  Productivity:  Profits  Earned  Both  Years 

Value  of  output 

$200 

$275 

Cost  of  input  (including  profit  at  base-year  rate) 

$200 

$250 

Output  per  dollar  of  input 

$  1.00 

$  1.10 

Productivity  change,  given/base  year: 

Percentage 

+  10  percent 

Per  dollar  of  input 

+  $  0.10  percent 

Total  dollars 

+  $  25 

Case  B.  .‘ncrease  in  Productivity:  Losses  Incurred  Both 

Tears 

Value  of  output 

$170 

$252 

Cost  of  input 

$200 

$280 

Output  per  dollar  of  input 

$  0.85 

$  0.90 

Productivity  change,  given/base  year: 

Percentage 

+  5.9  percent 

Per  dollar  of  input 

+  $  0.05 

Total  dollars 

+  $  14 

Case  C.  Decrease  in  Productivity:  Profits  Earned  Both 

Years 

Value  of  output 

$200 

$228 

Cost  of  input  (including  profit  at  base-year  rate) 

$200 

$240 

Output  per  dollar  of  input 

$  1.00 

$  0.95 

Productivity  change,  given/base  year: 

Percentage 

-  5  percent 

Per  dollar  of  input 

-$  0.05 

Total  dollars 

-$  12 

joumr  H.S.  Davis,  Productivity  Accounting.  1955.  Reprinted  with  permission. 


3.  Measure  the  extent  to  which  the  firm's  productivity  performance  is  strength¬ 
ening  or  weakening  its  overall  competitive  position  relative  to  its  peer  group(s) 

These  three  uses  for  the  MFPMM  in  addition  to  the  eight  additional  uses  men¬ 
tioned  earlier  represent  significant  benefits  accruable  from  this  model. 

An  organization's  financial  performance  (one  of  the  seven  measures  of  per¬ 
formance  previously  mentioned)  is  a  result  of  interactions  of  a  wide  variety  of 
controllable  and  uncontrollable  factors.  Managers  in  organizational  systems  at¬ 
tempt  to  improve  performance  by  managing  (allocating,  utilizing,  controlling, 
delegating,  and  so  forth)  resources  under  their  control  while  being  constrained 
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or  influenced  by  the  uncontrollable  factors.  Typical  uncontrollable  factors  are 

•  economic  environment 

•  industry/market  growth  or  dedine 

•  resource  prices  (costs),  particularly  in  an  inflationary  period 

•  rates  of  inflation  for  product  prices  versus  resource  costs 

•  budget  allocation 

•  organizational  processes  and  procedures 
Typical  controllable  factors  are 

•  technological  innovation 

•  resource  substitutions 

•  training  and  motivaton  of  employees 

•  asset  redeployment 

•  resource  quality 

It  is  interesting  to  note  that  a  number  of  variables  will  influence  or  determine 
which  spedfic  factors  a  given  manager  preceives  as  controllable  or  uncontroll¬ 
able.  Such  variables  as  position  with  the  firm,  personality  type,  leadership  style, 
and  locus  of  control  will  shape  the  manager's  perceptions.  It  would  seem  rea¬ 
sonable  that  a  manager's  actual  behaviors  are  affected  more  directly  and  strongly 
by  perceptions  than  "reality."  Managers  today  view  themselves  as  being  sig¬ 
nificantly  constrained  by  uncontrollable  factors.  This  is  a  potentially  conse¬ 
quential  dilemma  with  respect  to  prospects  for  productivity  improvement. 

The  MFPMM  makes  it  possible  to  measure  explidtly,  in  terms  of  dollars  the 
profit  impads  of  these  uncontrollable  as  well  as  controllable  factors  and  to  de¬ 
termine  and  analyze  how  various  management  strategies  could  increase  or  de¬ 
crease  profitability.  Fundamentally,  profit  change  comes  about  because  of  a 
difference  between  revenues  and  costs.  If  revenues  increase  faster  than  costs, 
there  would  obviously  be  a  positive  change  in  profits  (see  Figure  5.1).  Yet  rev¬ 
enues  and  costs  do  not  always  present  a  complete  picture  because  of  underlying 
complex  relationships  between  controllable  and  uncontrollable  factors.  There¬ 
fore,  as  Davis,  and  Scott  (1950)  before  him,  pointed  out,  "[t)he  net  profit  figure 
alone  is  an  inadequate  basis  for  judgment  as  to  whether  industrial  operations 
are  being  carried  out  effidently  and  labour  and  materials  utilized  effectively;  it 
may  merely  tell  us  that  a  satisfactory  balance  has  been  struck  between  the  value 
received  and  the  value  given."  With  essentially  the  same  basic  accounting  in¬ 
formation  used  to  calculate  revenues  and  costs,  however,  it  is  possible  to  use 
the  MFPMM  to  gain  additional  and  significantly  more  detailed  insight  into  \v hat 
is  driving  profits. 

Column  1  of  Figure  5.2  depicts,  as  presented  in  Chapter  2,  the  basic  produc¬ 
tivity  index  relationship,  a  change  in  output  quantities  over  a  change  in  resource 
quantities.  In  every  organizational  system,  there  exist  a  unique  productivity 
index  for  each  resource.  Column  2  depicts  what  has  been  called  a  "price  recox  erx- 
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Figure  5.1  Profitability  Assessment 
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Figure  5.2  Productivity,  Price  Recovery,  Profitability  Relationship. 
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Quality. 

innovation 


quality 

Figure  5.3  Basic  Factors  and  Interrelationships  Contributing  to  Performance 

(Adapted  from  B.  J.  van  Loggerenberg  and  S.  J.  Cucchiaro,  "Productivity  Meas¬ 
urement  and  the  Bottom  Line,"  National  Productivity  Review,  Winter  1981-82) 

index."  The  price  recovery  index  is  a  change  in  output  prices  over  a  change  in 
resource  costs  (prices).  Column  3  reflects  the  profitability  index,  a  change  in 
revenues  over  a  change  in  costs.  Note  that  if  all  other  factors  are  held  constant, 
namely  prices  and  costs,  a  positive  change  in  the  productivity  index  will  cause 
or  translate  into  a  positive  change  in  profits.  Similarly,  if  quantities  are  held 
constant  and  the  price  recovery  index  is  positive  (output  prices  increase  at  a 
faster  rate  than  resource  costs),  then  profits,  at  least  in  the  short  run,  will  be 
positive.  Figure  5.3,  adapted  from  van  Loggerenberg  and  Cucchiaro,  is  another 
representation  of  these  relationships. 

The  MFPMM  reflects  an  attempt  to  add  to  and  enhance  conventional  profit 
analysis  represented  by  Column  3.  The  ability  to  evaluate  profitability  changes 
in  terms  of  where  they  come  from  and  how  they  were  caused  is  increasingly 
coming  to  be  viewed  as  an  important  control  system  element.  Similar  to  rede¬ 
signing  the  control  panel  for  an  aircraft,  we  are  beginning  to  see  management 
in  the  United  States  reevaluate  the  instruments,  dials,  knobs,  and  controls  in 
the  control  system  for  organizations. 


Description  of  the  MFPMM 

Table  5.3  depicts  the  format  for  the  MFPMM.  I  he  easiest  way  to  describe  the 
model  is  to  work  through  the  format  with  an  example,  moving  from  left  to  right 
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Table  5.3  Multiple  Productivity  Measurement  Model  Format  (VPI/VPC  Version  MFPMM) 
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or  from  Column  1  to  Column  19.  For  the  purpose  of  instructional  clarity,  a 
simple  example  involving  a  fiberglass  boat  manufacturer  is  utilized  to  explain 
and  "teach"  the  workings  of  MFPMM. 

Columns  1-6 

The  first  sue  columns  of  the  MFPMM  are  data  input.  Column  1  represents  quan¬ 
tities  of  outputs  the  organizational  system  produced  and/or  sold  and  quantities 
of  input  resources  consumed  in  order  to  produce  those  outputs  for  period  1.  As 
mentioned  previously,  period  1  in  this  model  will  be  designated  as  a  base  period. 
Selection  of  a  base  period  is  primarily  a  matter  of  selecting  a  representative 
period  in  time  against  which  you  wish  to  compare  current  period  performance. 
It  might  be  a  period  of  time  in  1967,  which  just  happens  to  be  the  base  year 
utilized  in  the  consumer  price  index.  Or  it  might  be  a  unique  period  in  time 
representative  of  current  business  conditions.  The  base  period  designation  can 
be  "standards"  or  even  simply  last  period.  However,  note  that  if  one  selects 
the  last  period  as  the  base  period  and  hence  allows  the  base  period  to  change 
each  time  the  current  period  moves  ahead,  then  the  built-in  indexing  mechanism 
in  the  model  is  negated.  In  such  a  case,  an  external  indexing  mechanism  will 
have  to  be  imposed.  This  in/olves  utilizing  a  published  index,  such  as  the 
producers  price  index  or  the  <JNP  index.  For  more  detail  on  indexing,  refer  to 
Anderson,  Sweeney,  and  Williams  (1981)  and  American  Productivity  Center 
(1978). 

Recall  also  that  the  organizational  system  boundaries  or  unit  of  analysis  for 
this  model  are  flexible.  A  productivity  process  modeling  exercise  should  precede 
any  attempted  development  of  an  application  of  the  MFPMM.  This  will  ensure 
accurate  definition  of  unit  of  analysis,  inputs,  outputs,  and  outcomes.  Another 
parameter  to  be  determined  prior  to  application  of  this  model  is  the  length  of 
the  analysis  period.  Depending  on  decision-maker  needs  and  interests,  data 
availability,  product  cycle  time,  and  so  forth,  the  length  might  be  almost  any 
period  of  time  (weekly,  monthly,  quarterly,  semiannually,  annually).  When 
determining  the  length  of  the  period,  keep  in  mind  your  data  collection  needs 
and  data  matching  requirements.  The  goal  is  to  match  outputs  produced  during 
a  given  period  to  the  input  resources  utilized  during  that  same  period  in  time. 

So,  Column  1  represents  quantities  of  outputs  produced  during  the  base  period 
and  quantities  of  inputs  utilized  to  produce  those  outputs  during  the  same  base 
period.  Table  5.4  depicts  data  for  the  base  period  of  our  boat  company  example. 
Note  that  in  period  1  (base  period)  the  company  produced  5U  Boat  As  and  30 
Boat  B s,  and  utilized  320  units  (in  this  case,  hours)  of  management  labor,  800 
units  (hours)  of  fiberglass  labor,  1120  units  (hours)  of  assembly  labor,  2200  units 
of  fiberglass,  750  units  of  wood,  8000  units  (in  this  case,  KVVHs)  of  electricity, 
and  100  units  (in  this  case,  MCF)  of  gas.  Note  also  that  the  scale  or  units  utilized 
for  outputs  and  inputs  is  a  decision  that  can  be  made  by  the  analyst.  In  addition, 
the  number  and  class  of  categories,  types  (subcategories),  and  levels  (sub-sub- 
categories)  in  inputs  and  outputs  (the  rows  in  the  model)  is  a  decision  that  can 
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Table  5.4  LINPRIM  Boat  Company  Example  (VPI/VPC  Version  MFPMM):  Period 
1  (Columns  1-6) 


PERIOD  1 

(1)  1  <2>  I 

QUANTITY  1  PRICE  ! 

« 

» 

(3) 

VALUE  ! 

PERIOD  2 
(4>  !  <3>  ! 

OUANTITY!  PRICE  ! 

(6) 

VALUE 

BOAT  A 

30.0 

I  3000.001 

230000. 00 ! 

70.0 

3300.00! 

383000 • 00 

BOA'  r< 

3O.0 

: ioooo. oo s 

300000. 00 ! 

35.0 

12000.00! 

420000.  »>*> 

toi cU.  OUTPUTS 

i  i  330000.001 

}  805000.00 

LABOR  MANAGEMENT 

320.0 

1  20. 00 1 

6400.001 

304.0 

22.00! 

6688.00 

LABOR  GLASS 

BOO.  O 

:  e.oo: 

6400.001 

760.0 

9.00! 

6840.00 

LABOR  ASSEMBLY 

1 1 20. 0 

!  6.00! 

6720.00! 

1064.0 

7.00! 

7448.00 

TOT  A!  IABOR 

!  !  19520.001 

!  20976.00 

F 1 RRRGLAS'.I 

2200.0 

*  30.00! 

1 10000.00 1 

3000.0 

85.00! 

253000. 00 

WOOD 

730.0 

!  3.00! 

2230.00! 

1000.0 

3.00! 

3000. 00 

TOTAL  MATERIALS 

S  1 

112250.001 

1 

238000. 00 

ELECTRICITY 

OOOO.  0 

!  0.101 

800.00! 

8200.0 

0.  10! 

020. 00 

NA  1  URAL  GAS 

loo.  o 

!  4.001 

400.00! 

90.0 

4 . 00 ! 

3-60.  Oo 

TOTAL  ENERGY 

!  ! 

1200.  OO ! 

1 1 80.00 

TOTAL  INPUTS 

!  ! 

1 32970.00  J 

280 1 56 . 00 

be  made  by  either  the  analyst,  decision  maker(s),  or  other  users  of  the  model. 
For  example,  one  could  break  out,  by  level,  management  labor  (president,  su¬ 
pervisor,  plant  manager,  and  so  forth).  The  model  will  accommodate  at  least 
three  levels  (class,  type,  and  level)  of  output  and  input.  Since  the  model  is 
computerized,  it  can  handle,  depending  on  how  it  is  programmed,  almost  any 
number  of  rows.  For  example,  the  VPI/VPC  version  of  the  model  for  a  HP3000 
system  is  programmed  to  accept  up  to  100  row  elements  for  each  category 
(output,  labor,  energy,  materials).  Minicomputer  programs  of  the  model,  such 
as  on  the  IBM  PC  with  126K  storage,  have  capacity  for  slightly  more  than  50 
total  row  elements. 

Column  2  represents  the  unit  price  for  outputs  and  unit  cost  for  inputs  during 
period  1  (base  period).  From  Table  5.4  you  can  see  that  Boat  A  sold  for  S5000, 
and  Boat  B  sold  for  $10,000;  management  labor  cost  S20.00  per  unit  (hour); 
fiberglass  labor  cost  $8.00  per  unit  (hour);  assembly  labor  cost  S6.00  per  unit 
(hour);  fiberglass  cost  $50.00  per  unit;  wood  cost  $3.00  per  unit;  electricity  cost 
$.10  per  unit  (KWH);  and  gas  cost  $4.00  per  unit  (MCF).  Note  that  since  the 
analyst  or  user  of  the  model  can  define  the  unit  of  measurement  to  be  utilized 
for  each  output  and  input,  the  unit  price  and  cost  is  also  controllable.  For 
instance,  labor  cost  can  reflect  base  salary,  or  wage  rate  plus  bonuses  or  benefit 
calculations.  The  only  requirement  is  that  the  unit  cost  remain  consistent  with 
the  units  of  quantity. 

Column  3  reflects  the  value  (quantity  x  price)  for  each  row  element  (outputs 
and  inputs)  Therefore,  column  3  represents  revenues  for  outputs  and  costs  for 
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inputs.  This  column  is  calculated  automatically  by  the  programmed  version  of 
this  model.  So,  from  Table  5.4  you  can  see  that  this  company  had  revenues  of 
5250,000  from  sales  of  Boat  As  and  $300,000  from  sales  of  Boat  Bs  for  a  total 
revenue  figure  of  5550,000;  at  the  same  time,  cost  for  management  labor  was 
56400;  fiberglass  labor,  $6400;  assembly  labor  $6720;  fiberglass,  $1?  0,000;  wood, 
$2250;  electricity,  $800;  and  gas,  $400.  Again,  Column  3  is  automatically  calcu¬ 
lated  in  the  programmed  version  of  this  mode). 

Columns  4-6  are  the  same  as  columns  1-3  except  that  they  are  data  for  period 
2  or  the  current  period.  Again,  columns  4  and  5  are  the  data  input  requirements 
and  column  6  is  simply  column  4  x  column  5.  From  Table  5.4  you  can  see  the 
following; 

1.  Boat  A  production  went  from  50  in  the  base  period  to  70  in  current  period; 
the  price  for  Boat  A  went  from  $5000  in  period  1  to  $5500  current  period. 

2.  The  company  utilized  16  less  units  (hours)  of  management  labor  but  increased 
the  cost  for  that  category  of  labor  from  $20.00  to  $22.00. 

3.  Fiberglass  utilization  increased  by  800  units,  and  the  unit  cost  rose  from  $50.00 
to  $85.00. 

Interpretation  of  other  changes  should  by  now  be  evident  and  self-explanatory. 

These  first  six  columns  of  the  MFPMM,  in  particular  Columns  1,  2,  4,  and  5, 
reflect  data  input  required  to  "run"  the  model.  Data  availability  appears  not  to 
be  a  critical  roadblock  to  successful  implementation  of  this  model.  Experience 
suggests  that  the  basic  data  required  to  run  this  model  are  typically  available 
from  most  accounting  or  comptroller  departments.  Many  decisions  and  finer 
points  to  the  actual  development  of  an  application  of  this  model  could  be  dis¬ 
cussed  now.  However,  it  may  be  more  effective  to  continue  this  tutorial  on  this 
simple  example  and  reserve  discussion  of  finer  points  until  later  in  this  Chapter. 


Columns  7-9 

The  next  three  columns  in  the  MFPMM  are  titled  "Weighted  Change  Ratios." 
The  basic  purpose  of  these  columns  and,  in  particular,  the  formula  calculations 
is  to  determine: 

Column  7:  Price-weighted  and  base  period  price  indexed  changes  in  quantities 
Essentially,  Column  7  partials  out  or  holds  constant  the  effect  of  prices  and  just 
examines  the  price-weighted  changes  in  quantities  of  outputs  and  inputs.  (See 
Figure  5.4  for  the  formula  for  Column  7.) 

Column  8.  Quantity-weighted  and  current  period  indexed  changes  in  unit  prices 
and  unit  costs.  Essentially,  Column  <S  partials  out  or  holds  constant  the  changes 
in  quantities  of  outputs  and  inputs  and  just  examines  the  changes  in  unit  prices 
and  unit  costs  from  period  1  to  period  2  (Ve  f  igure  5  4  for  the  formula  for 
Column  H  ) 
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2  (QjMA<) 

I- 1 

2  <OiMAi) 

Column  9:  Hr - or  Column  7  x  Column  8 

2  (Q..)( A.) 

Figure  5.4  Weighted -Change  Ratio  Formulas  for  Outputs  and  Inputs 

Column  9:  Examines  the  simultaneous  impact  of  changes  in  price  and  quantity 
from  period  1  to  period  2  for  each  row  in  the  model.  (See  Figure  5.4  for  the 
formula  for  Column  9.) 

From  Column  7  (Table  5.5)  it  can  be  seen  that 

1.  In  period  2,  40  percent  more  Boat  As  were  produced  than  in  period  1. 

QiP*  70(5000)  _ 

Q,P,  "  50(5000) 


2.  In  period  2,  16.67  percent  more  Brv»t  Bs  were  produced  than  in  period  1. 


35(10000) 

30(10000) 


1.1667 


3.  In  period  2,  27.27  percent  more  boats  of  types  A  and  B  were  produced. 

SQ;P,»  _  70(5000)  35(10000)  _ 

-Q,P,  50(5000)  +  30(10000)  “ 

4.  In  period  2,  5  percent  less  labor  was  utilized  than  in  period  I 

304(20)  -  760(S)  -  1064(6)  _ 

320(20)  -  >S(M)(H)  -  1120(6)  "  '  ? 

"Shurth.iiul  tormul.i  m't.itmn 
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Table  5.5  LINPRIM  Boat  Company  Example  (VPI/VPC  Version  MFPMM):  Columns 
7-11 


• 

WEIGHTED 

COST/REVENUE 

!  PRODUCTIVITY 

t  CHANGE  RATIOS 

RATIOS 

i  RATIOS 

*  <7>  I 

(8) 

(9) 

CIO) 

t  (11) 

1  (12) 

(13) 

! QUANT 1 TY 1 

PRICE 

VALUE 

PERIOD 

1  PERIOD  2 

!  PER 1 00  1 

PERIOD  2 

BOAT  A 

1  1.4000  1 

1.1000 

1.340 

BOAT  B 

t  1.1667  t 

1 . 2000 

1 . 400 

TOTAL  OUTPUTS 

I  1.2727  i 

1.1300 

1.464 

1 

LABOR  MANAGEMENT 

1  0.9300  I 

1.1000 

1.043 

0.01 16 

!  0.0083 

1  83.94 

113.13 

LABOR  GLASS 

1  0.9300  1 

1.1230 

1 . 069 

0.0116 

t  0.0083 

I  03.94 

113. 13 

LABOR  ASSEMBLY 

1  0.9300  I 

1.1667 

1.108 

0.0122 

1  0.0093 

1  81.83 

109.63 

TOTAL  LABOR 

i  0.9300 

1.1311 

1.073 

0.0333 

1  0.0261 

!  28.18 

37.73 

FIBERGLASS 

i  1.3676  1 

1.7000 

2.3IS 

0.2000 

1  0.3168 

1  3.00 

4.67 

HOOD 

t  1 • 3333  1 

1.0000 

1.333 

0.0041 

I  0.0037 

I  244.44 

TOTAL  MATERIALS 

:  1 . 3630  1 

1.6863 

2.298 

0.2041 

1  0.3203 

1  4.90 

CD 

♦ 

ELECTRICITY 

1  1 . 0230  1 

1.0000 

1.023 

0.0013 

!  0.0010 

I  687.30 

833.66 

NATURAL  GAS 

1  0  9000  1 

1.0000 

0.900 

0.0007 

t  0.0004 

11373.00 

1944.44 

TOTAL  ENERGY 

1  0.9833  1 

1.0000 

0.983 

0.0022 

■=31 

I  438.33 

593.22 

TOTAL  INPUTS 

1  1.2990  1 

| - - I 

1 . 6220 

2.107 

0.2418 
- - 

1  0.3480 

!  4.14 

4.03 

5.  In  period  2,  36.36  percent  more  fiberglass  was  utilized  than  in  period  1. 


Q:Pi»  =  3000(50)  _ 
QiPi  2200(50) 


6.  In  period  2,  33.33  percent  more  wood  was  utilized  than  in  period  1. 


1000(3) 

750(3)' 


1.3333 


7.  In  period  2,  36.3  percent  more  materials  were  utilized  than  in  period  I. 


3000(50)  +  1000(3) 
2200(50)  +  750(3) 


’Shnrlhamt  lnrimil.i  not.iium 
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8.  Total  price-weighted  and  indexed  change  in  inputs  utilization  was  29.90  per¬ 
cent. 

304(20)  +  760(8)  +  1064(6)  +  3000(50)  +  1000(3)  +  8200(.10)  +  90(4) 
320(20)  +  800(8)  +  1120(6)  +  2200(50)  +  750(3)  +  8000(.10)  +  100(4) 


Hence,  Column  7  simply  tells  us  the  rate  of  price-weighted  quantity  change 
with  prices  and  costs  held  constant  at  period  1  levels. 

From  Column  8  it  can  be  seen  that 

1.  The  prices  of  Boat  A  went  up  10  percent. 

Oil  =  70(5500)  .  uo 
Q2P,  70(5000) 

2.  The  quantity-weighted  average  price  change  for  Boats  A  and  B  was  15  percent. 

1Q2Pi*  =  70(5500)  +  35(12000)  = 

IQ2P,  70(5000)  +  35(10000)  L  5 


3.  Management  labor  unit  cost  increased  10  percent 


304(22) 

304(20) 


1.10 


4.  Quantity-weighted  average  cost  increase  for  labor  was  13.11  percent. 


304(22)  +  760(9)  +  1064(7) 
304(20)  +  760(8)  +  1064(6) 


5.  Fiberglass  unit  cost  increased  70  percent 


3000(85) 

3000(50) 


*Shnrlh.inil  lurnuil.i  nul.ttion. 
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6.  Quantity-weighted  average  cost  increase  for  materials  was  68.63  percent. 


3000(85)  +  1000(3) 
3000(50)  +  1000(3) 


7.  There  were  no  changes  in  the  price  of  gas  or  electricity. 

8200(.10)  +  90(4)  _ 

8200(.10)  +  90(4)  “  ' 


8.  Total  quantity-weighted  change  in  input  costs  was  62.20  percent. 

304(22)  -l-  760(9)  +  1064(7)  +  3000(85)  -I-  1000(3)  +  8200(.10)  4-  90(4) 
304(20)  +  760(8)  +  1064(6)  +  3000(50)  +  1000(3)  +  8200(.10)  +  90(4) 

Hence,  Column  8  simply  indicates  the  rate  of  quantity-weighted  price  and  cost 
change  with  quantities  of  outputs  and  inputs  held  constant  at  period  2  levels. 
From  Column  9  it  can  be  seen  that 

1.  Revenues  from  Boat  A  increased  54  percent. 

Q:Py  _  70(5500)  c 
Q,P,  50(5000) 

2.  Combined  impact  on  revenue  change  from  period  1  to  period  2  from  both 
Boat  A  and  Boat  B  was  46.36  percent. 

SQ;P;»  =  70(5500)  +  35(12000)  = 

2Q,P,  50(5000)  +  30(10000) 


3.  Total  labor  cost  increased  7.46  percent  from  period  1  to  period  2. 

304(22)  +  760(9)  +  1064(7)  = 

320(20)  +  800(8)  +  1120(6)  '  " 


'Slmrth.ind  lomnil.i  nutation. 


4.  Total  input  costs  increased  110.69  percent. 


304(22)  +  760(9)  +  1064(7)  +  3000(85)  +  1000(3)  +  8000(.10)  +  90(4) 
320(20)  +  800(8)  +  1120(6)  +  2200(50)  +  750(3)  +  8000(.10)  +  100(4) 


Hence,  Column  9  simply  indicates  the  rate  of  change  of  revenues  and  costs 
(simultaneous  changes  in  prices,  costs,  and  quantities  of  outputs  and  inputs). 

Columns  10  and  11 

Columns  10  and  11  are  labeled  "Cost/Revenue  Ratios."  They  indicate  the  ratio 
of  input  row  elements  for  Columns  3  and  6.  The  formula  for  these  columns 
appears  in  Figure  5.5.  Note  that  Column  10  is  the  cost-to-revenue  ratio  for  period 
1  and  Column  11  is  the  cost-to-revenue  ratio  for  period  2. 

From  Column  10  one  can  observe  that  management  labor  costs  (Column  3) 
represent  1.16  percent  of  total  revenues  in  period  1  (S6400/$550,000).  Similarly, 
total  labor  costs  represent  3.55  percent  of  total  revenues,  fiberglass  costs  reflect 
20  percent  of  total  revenues,  and  total  input  costs  reflect  24.18  percent  of  total 
revenues.  Note  that  since  this  model  is  not  attempting  to  be  a  total  factor  pro¬ 
ductivity  measurement  model,  there  is  no  way  to  tell  directly  whether  the  75.82 
percent  of  remaining  revenues  is  all  profits  or  consumed  by  other  input  resource 
costs  not  captured  in  this  model.  Note  also  that  the  information  in  these  two 
columns  will  very  likely  be  already  available  and  familiar  to  most  managers. 
Most  managers  are  knowledgeable  about  certain  cost  categories  as  a  percentage 
of  either  total  costs,  total  revenues,  or  some  other  aggregate  budget  number. 

The  purpose  of  these  two  cciumns  is  not  to  provide  new  information  but  to 
integrate  this  information  into  the  MFPMM  so  as  to  provide  a  manager  with 


Column  10: 
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insights  as  to  where  leverage  exists.  If  Columns  10  and  11  are  rank  ordered,  the 
manager  can  then  invoke  Pareto's  Principle  and  make  productivity  improvement 
decisions,  in  terms  of  cost  reduction,  on  the  higher  priority  input  resources. 
From  this  example  one  can  easily  see  that  a  manager's  leverage  is  with  fiberglass 
and,  in  particular,  with  fiberglass  prices. 

From  Column  11  it  can  be  observed  that  labor  costs  are  now  (in  period  2  or 
current  period)  2.61  percent  of  revenues,  a  decrease  from  3.55  percent  in  period  1. 
Fiberglass  costs  are  now  31.68  percent  of  revenues,  an  increase  from  20  percent. 
And  total  costs  are  now  34.8  percent  of  revenues,  up  from  24.18  percent. 

Columns  12  and  13 

Columns  12  and  13  are  titled  "Productivity  Ratios."  Column  12  reflects  the 
output-to-input  ratios  for  period  1,  while  column  13  reflects  the  output-to-input 
ratios  for  period  2.  This  is  a  relatively  new  edition  to  this  model  and  exists  only 
on  certain  versions  of  the  software  for  this  particular  productivity  measurement 
technique.  The  formulas  for  these  two  columns  appear  in  Figure  5.5. 


Columns  14-16 

Columns  14-16  (Table  5.6)  are  titled  "Weighted  Performance  Indexes."  Column 
14  reflects  price-weighted  productivity  indexes.  Column  15  represents  quantity- 

Table  5.6  LINPRIM  Boat  Company  Example  (VPI/ VPC  Version  MFPMM):  Columns 
14-19 
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TIVITi  i KbCVRY  :AbILITV 
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IN  PRODUC¬ 
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(IS) 
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weighted  price  recovery  indexes.  And  Column  16  depicts  profitability  indexes. 
The  formulas  for  these  three  columns  appear  in  Figure  5.6.  Note  that  there  are 
no  entries  for  the  cells  corresponding  to  the  output  row  elements.  This  is  because 
Columns  14-16  are  now  calculating  output  over  input  indexes,  or  changes  in 
performance  ratios,  from  period  1  to  period  2.  The  essence  of  the  MFPMM 
appears  in  Columns  12-19. 

As  discussed  in  Chapter  2,  there  are  at  least  four  generic  types  of  productivity 
"measures":  (1)  partial  factor,  static  ratio;  (2)  total  factor,  static  ratio;  (3)  partial 
factor,  dynamic  index;  and  (4)  total  factor,  dynamic  index.  Recall  that  a  dynamic 
productivity  index  is  essentially  a  productivity  ratio  at  one  period  in  time,  say, 
period  2  (current  period),  over  that  same  productivity  ratio  at  a  previous  period 
in  time,  say,  period  1  (base  period).  Columns  14-16  calculate  and  depict  dynamic 
performance  indexes.  Column  14  calculates  and  depicts  dynamic  productivity  in¬ 
dexes.  Figure  5.7  conceptually  depicts  what  the  MFPMM  is  doing. 

In  Figure  5.7,  formulas  and  development  of  static  productivity  ratios  are  de¬ 
picted.  We  take  a  snapshot  of  the  organizational  system  for  a  given  period  of 
time  and  place  some  or  all  of  the  outputs  in  the  numerator  and  one,  some,  or 
all  of  the  inputs  in  the  denominator.  For  a  decoupled,  disaggregated  system, 
such  as  the  NPMM,  we  do  not  necessarily  need  to  use  indexed  prices  and  costs 
as  a  common  denominator.  For  an  aggregated  system,  such  as  the  MFPMM, 
indexed  prices  and  costs  are  necessary. 
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PtfKXj  k  (cgrrtnt  period.  KtuPl. 
your  orpjnwtionM  lytltfn) 


Figure  5.7  Price-Weighted  and  Aggregated  Multifactor  Productivity  Measure¬ 
ment  Model 


Figure  5.7  also  depicts  formulas  and  development  of  dynamic  productivity 
indexes.  A  snapshot  of  the  organizational  system's  partial,  multi-,  and  perhaps 
even  total  static  productivity  ratio  is  developed  for  period  k  (period  2,  current 
period).  An  equivalent  snapshot  of  the  organizational  system's  partial,  multi-, 
or  perhaps  even  total  static  productivity  ratio  is  developed  for  period  /  (period 
1,  base  period,  budget,  standards,  another  comparable  system,  and  so  forth). 
The  productivity  ratios  for  period  k  (period  2  or  current  period)  are  then  divided 
by  the  productivity  ratios  for  period  /  (period  1  or  base  period).  The  resultant 
formulation  is  highlighted  in  Figure  5.7,  and  it  is  this  calculation  that  is  depicted 
in  Column  14  of  the  MFPMM. 


82 


From  Column  14  the  following  observations  can  be  made: 

1.  Labor  productivity  increased  by  34  percent. 


Column  7  for  total  outputs  =  1.2727 
Column  7  for  total  inputs  *  .95 


1.34 


(Note  that  Column  7  is  the  price-weighted  changes  in  quantities  for  outputs  and 
inputs.  As  an  exercise,  see  question  13  at  the  end  of  this  chapter  to  convince 
yourself  that 


0  _  Q2°/Q,°  _  Q:°/Q2' 

I  Qi'/Qi'  "  Q.°/Q,' 

This  tells  us  that  price-weighted  change  in  outputs  from  period  1  to  period  2 
went  up  27.27  percent  while  labor  input  went  down  5  percent  creating  a  cor¬ 
responding  gain  in  productivity  of  34  percent. 

2.  Materials  productivity  decreased  7  percent. 


Column  7  for  total  outputs  =  1.2727 
Column  7  for  total  materials  *  1.363 


3.  Total  inputs  productivity  declined  by  2  percent.  Again,  total  price-weighted 
and  indexed  outputs  from  this  company  increased  by  27.27  percent,  while  total 
price- weigh  ted  and  indexed  input  quantities  increased  by  29.9  percent.  Hence, 
1.2727/1.299  =  0.98  and  the  calculated  2  percent  decline  in  productivity  for  all 
inputs  measured  in  this  model  formulation. 

Column  15  depicts  rates  of  change  for  quantity-weighted  and  indexed  prices 
over  costs.  It  reflects  rate  of  price  increases  in  relation  to  the  rate  of  cost  increases. 
In  a  sense  it  reflects  the  degree  to  which  the  organizational  system  was  able  to 
increase  its  price  in  relation  to  elemental  input  costs.  It  is  simply  termed  price 
recovery. 

From  Column  15  it  can  be  observed  that 
1.  Price  recovery  for  management  labor  was  up  5  percent. 

Column  K  for  total  outputs  =  1.15  . 

Column  8  tor  management  labor  =  1.10 
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This  indicates  that  the  organization  was  able  to  raise  prices  approximately  5 
percent  faster  than  management  unit  prices  (costs)  increased. 

2.  Price  for  fiberglass  increased  approximately  32  percent  faster  than  manage¬ 
ment  was  able  to  raise  the  prices  of  boats. 

Column  8  for  total  outputs  =  1.15  ^ 

Column  8  for  fiberglass  input  =  1.7 

3.  On  the  whole,  price  recovery  fell  off  by  29  percent. 

Column  8  for  total  outputs  =  1.15  _ 

Column  8  for  total  inputs  -  1.622 


Changes  in  output  prices  were  71  percent  of  the  changes  in  input  costs.  The 
company  was  not  able  or  did  not  (for  whatever  reason)  raise  prices  fast  enough 
to  compensate  for  in  reases  in  costs.  (Note:  Fiberglass  price  under-recovery  was 
the  major  source  of  he  relatively  poor  price  recovery  ratio  of  .71.) 

Column  16  indicates  profitability  indexes,  which  reflect  rates  of  change  for 
simultaneous  changes  in  price  and  quantity.  The  simplest  way  to  think  about 
Column  16  is  that  it  is  revenues/costs  (a  measure  of  profitability)  for  period  2 
divided  by  revenues/costs  for  period  1.  Hence,  Column  16  is  in  reality  a  prof¬ 
itability  index. 

From  Column  16  it  can  be  seen  that  labor  contributed  to  a  36  percent  increase 
in  profitability  from  period  1  to  period  2.  That  is,  revenues  went  up  46.36  percent 
from  period  1  to  period  2  (Column  9  for  total  outputs),  while  total  labor  costs 
increased  by  7.46  percent  (Column  9  for  total  labor)  creating  a  36  percent  (1.4636/ 
1.0746  =  1.3619)  labor  relative  increase  in  profitability  from  period  1  to  period 
2.  Materials  created  a  period  1  to  period  2  relative  drain  on  profitability  of  36 
percent.  Revenues  changed  at  a  rate  of  46.36  percent,  while  material  costs  in¬ 
creased  at  a  rate  of  129.84  percent.  Note  that  most  of  this  drain  on  potential 
profits,  which  could  have  been  achieved  from  the  46.36  percent  increase  in 
revenues,  was  caused  by  the  131.82  percent  increase  in  fiberglass  costs  (both 
increased  unit  cost  and  increased  quantity  usage). 

Overall,  Column  16  depicts  a  31  percent  decline  in  potential  profitability  This 
company  was  31  percent  less  profitable  in  period  2  than  it  was  in  period  1 .  The 
company  may  well  have  made  profits,  but  it  could  have  made  31  percent  more 
profits  had  certain  price  under-recovery  situations  not  occurred.  It  should  by 
now  be  clear  that  a  number  in  Column  14,  15,  or  lb  that  is  greater  than  1  00 
reflects  a  positive  change  and  a  number  less  than  1 .00  reflects  a  negative  change. 
Therefore,  our  overall  evaluation  of  this  particular  organization's  productivitv, 
price  recovery,  and  profitability  performance  on  a  period  1  to  period  2  basis  is 
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not  favorable.  In  particular,  management  or  an  analyst  could  be  concerned  about 
fiberglass  cost  recovery. 

Columns  17-19 

Columns  17-19  reflect  the  dollar  equivalence  of  corresponding  cells  in  Columns 
14-16.  In  other  words,  these  columns  indicate  what  impact  an  increase  in  pro¬ 
ductivity  (Column  17)  or  price  recovery  (Column  18)  has  on  profits.  The  total 
impact  on  profits  from  productivity  and  price  recovery  is  indicated  in  Column 
19.  The  formulas  for  these  columns  appear  in  Figure  5.8.  From  these  columns 
we  see  the  following. 

1.  Column  17:  Management  labor  productivity  contributed  $2065.45  to  profits 
from  period  1  to  period  2. 

(1.2727  -  .95)56400  =  $2065 


Column  18:  The  model  does  not  directly  calculate  Column  18,  effect  of  price 
recovery  on  profits.  Column  18  values  are  calculated  by  subtracting  Column  17 
values  from  Column  19  values.  In  other  words.  Column  17  +  Col¬ 
umn  18  =  Column  19. 

Column  19:  Management  labor  contributed  positively  to  profits  between  period 
1  and  period  2  to  the  tune  of  $2679.  About  $2065  came  from  productivity  gains 
and  $613  came  from  price  recovery  gains. 

(1.4636  -  1.045)56400  =  $2679 
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2.  Total  materials  Column  19:  Low  productivity  in  materials  utilization  created  a 
drain  on  profits  from  period  1  to  period  2  of  -510,136.  About  $10,000  of  this 
decline  came  from  low  fiberglass  productivity  alone. 


(1.2727  -  1.363)5112,250  =  -510,136 


Total  materials  Column  19:  Very  poor  price  recovery  on  fiberglass  and  low  pro¬ 
ductivity  created  a  -$93,706  drain  on  profits  for  this  company  from  period  1  to 
period  2. 


(1.4636  -  2.2984)5112,250  =  -593,706 


This  reflects  the  drain  on  profits  caused  by  an  inability  to  recover  rising  costs 
from  period  1  to  period  2.  As  one  can  see,  the  biggest  source  of  lowered  profits 
from  period  1  to  period  2  is  this  category. 

3.  Overall,  this  boat  manufacturing  company  was  $85,536  less  profitable  in  pe¬ 
riod  2  than  in  period  1  1  ad  nothing  changed  in  the  company.  About  $82,047  of 
this  decline  in  profits  is  attributable  to  relatively  poor  price  recovery.  And,  as 
indicated,  very  poor  fib  ,’rglass  price  recovery  is  the  major  source  of  this  total 
decline  in  profits. 

This  completes  the  description  and  example  for  the  MFPMM.  There  are  ob¬ 
viously  many  fine  details,  application  and  implementation  issues,  and  refine¬ 
ments  that  could  be  discussed.  Some  of  these  points  will  be  dealt  with  in  this 
section.  However,  at  this  point,  the  reader  should  have  a  good  grasp  of  the 
basic  character  of  the  model.  It  is  a  relatively  simple  model  and  yet  it  has 
tremendous  potential  as  an  integrative  decision  support  system.  There  are  ap¬ 
plications  at  the  end  of  this  chapter  that  can  be  utilized  to  develop  more  skill 
and  a  deeper  understanding  of  how  to  interpret  program  output.  Those  desiring 
to  purchase  the  model  software  can  experiment  with  the  model  quite  painlessly. 
You  might  even  wish  to  collect  data  from  a  specific  example  of  your  own  and 
run  the  program.  Like  any  decision  support  system,  the  model  itself  is  a  critical 
but  rather  minor  component  of  an  application.  Integrating  the  model  into  an 
existing  control  system,  collecting  the  data,  getting  management  to  accept  and 
feel  comfortable  with  the  system,  and  selling  the  system  based  on  benefit-to- 
cost  projects  are  all  activities  that  actually  play  a  more  critical  role  in  successful 
implementation  of  such  a  system. 

In  an  attempt  to  improve  the  decision  support  capabilities  of  the  model,  staff 
at  the  Oklahoma  Productivity  Center  and  now  at  the  Virginia  Productivity  Center 
have  developed  a  simple  simulation  routine  to  allow  management  to  project  the 
impact  of  productivity  improvement  interventions  on  profits.  This  development 
is  the  focus  of  the  discussion  in  the  next  section. 
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4 .  LTV  Integrated  Approach 

LTV  Aerospace  aud  Defense  Company's  Vnnulit-  A^ro  Pnxliirrq  niuision  (VAPD)  has 
developed  a  comprehensive  productivity  improvement  program  that  operates  at 
different  levels  of  business  activity,  from  total  corporation  down  through 
departmental  levels.  The  program  assimilates  productivity  improvement  themes 
into  the  routine  operations  of  the  company  by  focusing  attention  on  the 
following: 


1. 

2. 

3. 

4. 

5. 


Strategic  Plan: 
Development  Plan: 
Budgets: 

Operations: 

Profits: 


establish  competitive  productivity  targets 
select  pro  jects  with  employee  participation 
synchronize  budgetary  controls  with  productivity 
targets 

use  measur ements  to  monitor  performance 

apply  Department  o£  Defense  (DOD)  incentives  to 

generate  savings  and  profits 


Competitive  Targets 

Companies  can  establish  competitive  targets  for  productivity  improvement  with 
the  aid  of  a  mathematical  relationship  that  exists  between  profitability, 
productivity  and  price-recovery: 


COST 

- 

RESOURCE  QUANTITY 

X 

RESOURCE  PRICE 

SALES 

PRODUCT  QUANTITY 

PRODUCT  PRICE 

PROFITABILITY 

3 

PRODUCTIVITY 

X 

PRICE-RECOVERY 

Here  profitability  is  the  ratio  of  "cost"  to  "sales".  Productivity  is  the 
"input:output"  relation  of  resources  consumed  and  products  or  services 
produced.  Price-recovery  deals  with  relative  inflation,  or  the  extent  to 
which  increases  in  the  cost  of  resources  are  recovered  through  product  price 
cnanges.  The  mathematical  relationship  remains  just  as  true  for  a  whoLe 
mdustry  as  for  individual  corporations. 
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Siace  forecasts  of  industry  sales,  profits  and  inflation  are  commercially 
available,  it  is  possible  to  calculate  an  industry's  anticipated  productivity 
improvement.  Companies  can,  therefore,  compare  their  own  potential  for 
improvement  with  the  industry  and  select  a  competitive  productivity  target 
which  will  produce,  over  time,  a  strategic  advantage  in  pricing  (Figure  1). 
Productivity  Projects 

Productivity  is  not  a  new  imperative.  It  has  been  relevant  since  the  start  of 
the  industrial  revolution.  In  the  early  years  of  industrialization, 
production  methods  were  labor  intensive.  Therefore,  the  effort  to  improve 
operations  was  focussed  on  "production  efficiency".  This  started  a  tradition 
which  narrowly  associated  productivity  with  production  labor.  That 
single-minded  attention  to  production  is  undergoing  a  change.  Improvements  in 
manufacturing  technology  have  modified  the  cost  structure  of  products.  The 
cost  drivers  have  shifted  from  production  to  support  and  overhead  areas 
(Figure  2).  In  the  context  of  total  company  modernization,  therefore,  a  local 
focus  on  manufacturing  is  insufficient.  Manufacturing  modernization,  by 
itself,  cannot  fulfill  the  goal  of  competitive  improvements  in  productivity. 
Productivity  goals  must,  therefore,  be  broadened.  To  appreciate  the  diverse 
applications  of  new  projects  for  productivity  improvement,  consider  the  list 
in  Table  1.  The  cited  projects  are  a  small  selection  from  the  wide  range  of 
modernization  initiatives  being  taken  at  Vought  Aero  Products  Division. 

They  nevertheless  demonstrate  that  it  is  feasible  to  simultaneously  address 
all  facets  of  company  costs. 

Total  modernization  of  a  company  is  a  substantial  task  and  it  is  helpful  to 

accomplish  it  in  a  cooperative  effort  by  ail  employees.  VAPD  utilizes  the 

1  2 

Nominal  Group  Tecnnique  '  to  conduct  employee  participation  meetings  and 
generace  ideas  for  productivity  improvement.  Employees  vote  on  their  ideas 
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TABLE  1  PRODUCTIVITY  PROJECTS 


PROGRAM 

FOCUS 

•  FLEXIBLE  MANUFACTURING 

1 J  f 

•  COMPUTER-AIDED  DESIGN 

•  COMPUTER-AIDED 

MANUFACTURING 

•  INVENTORY  REDUCTIONUUST-JN- 

OVERHEAD 

TIME 

•  AUTOMATED  PROCUREMENT 

MATERIALS 

•  OFFICE  OF  THE  FUTURE 

WHITE  COLLAR 

•  EMPLOYEE  BADGE  EASED  AUTO* 

SECURITY  ANO 

NATION  (ENTRY.  ATTENDANCE. 

FINANCE 

PAYROUJ 

•  ENERGY  MANAGEMENT  SYSTEMS 

ENERGY 

•  ARTIFICIAL  INTELLIGENCE  BASED 

SALES 

BIOS  AND  PROPOSALS 

•  AUTOMATED  WAREHOUSING 

WAREHOUSING 

SYSTEMS 

•  EMPLOYEE  MOTIVATION  ANO 

GENERAL 

GAINSHARING 
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CO  nr^ce  a  ranked  Use,  Higher  ranked  ideas  are- packaged  into  projects  and 
cost  analyzed  for  review  by  departmental  management  (Table  2).  By  this 
process,  each  department  develops  a  long-range  productivity  improvement 
program  for  implementation  in  its  area. 

Budgets  and  Controls 

Competitive  productivity  improvement  is  a  demanding  objective.  For  a  company 
incurring  SI  oillion  in  costs  of  goods  sold,  a  52  productivity  improvement 
target  implies  annual  cost  reduction  of  about  $50  million.  Such  goals  require 
budgetary  discipline.  If  an  expansive  budget  is  approved  at  the  start  of  the 
year,  it  cannot  yield  cost  efficiencies  by  year-end.  The  environment  for  cost 
improvement  must  be  built  into  the  budget,  ahead  of  time. 

Equation  (1)  suggests  that  productivity  improvement  targets  and  operating 
costs,  or  budgets,  are  mathematically  related.  Sales,  costs  and  profits  are 
all  influenced  by  productivity.  However,  the  scope  of  that  influence  is 
masked  by  inflation.  If  the  effects  of  inflation  are  removed,  by  comparing 
sales  and  costs  in  "constant  dollars",  changes  in  productivity  become  apparent 
(Figure  3).  7APD  uses  these  relationships  to  monitor  cost  and  productivity 
trends  at  the  company  level.  As  shown  in  Figure  4,  costs  or  budgets  are 
expressed  as  a  percentage  of  "output".  Output  is  defined  as  "sales  plus 
change  in  inventory".  Management  of  this  cost  index  is  considered  vital  to 
the  control  of  the  total  company  budget. 

Department  Level  budgets  can  be  derived  from  the  tocal  company  budget  by 
following  two  principles.  First,  the  principle' of  limited  resource  states 
Chat  total  resources  allocated  to  the  departments  must  equal  those  allocated 
to  the  company.  Within  that  premise,  productivity  targets  do  not  have  to  be 
uniform  in  all  departments.  However,  below  nominal  assignment  of  improvement 
targets  to  a  rtain  departments  have  to  be  compensated  by  aoove  nominal 
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TABLE  2  PROJECT  SELECTION  AND  ANALYSIS 


HUMAN  RESOURCES 


EXAMPLE  OF  EMPLOYEE  PARTICIPATION  (NGT)  RESULTS  FOR  ONE  PROJECT 


RA™IN?--j  PROJECT 

VOTES 

SCORE 

It  2 

Assigned  to 
IMOO 

Employs*  Badge  Based  Automsoon: 

•  Closed  Circuit  TV  Cheek  at  Entry  and  Exit 

•  Automated  Attendance  -  ERminat*  Time  Cards 

•  Automated  Vehicle  Parking  Assignment 

•  Automated  Guard  Assignment  Schedules 

7 

31 

COST  ANALYSIS  FOR  PROJECT:  EMPLOYEE  BADGE  BASED  AUTOMATION 


POTENTIAL  IMPROVEMENT 

IMPLEMENTATION 

PROJECT 

**.s 

—.ns 

orwrru  a 

— r  .  |  COSTS 

POCUS 

inn*  Isvwaer 

ISMM 

ir«  am 

owns. 

•MS 

•  Emoloyee  Badge 
Based  Automation 

■9 

15.0 

5.7 

•  Security 

i  V 

mi 

6.0 

0.8 

S  2.5M/YR 

0.7 

11.2 

21 .0 

S  S.825M 

■ 

2.0 

•Mail  Room 
•General 
•  interest 
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CONSTANT  S  -  f  WITHOUT  INFLATION 


FIGURE  3  MODEL  OF  PRODUCTIVITY 
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assignment  co  others.  Second  is  the  principle  of  shared  targets  which  states 
that  the  responsibility  for  improving  productivity  for  a  resource  can  be 
shared  by  two  or  more  departments.  For  example,  capital  and  energy  resources 
are  commonly  shared.  By  making  a  fair,  pre-negotiated  allocation  of  the 
actual  performance,  favorable  or  otherwise,  aiaongst  sharing  departments,  team 
play  can  be  encouraged. 

Performance  Measurement 

Companies  have  used  performance  measurements  in  the  production  area  for  many 
years.  However,  production  costs  and  their  proportional  ratio  to  total 
company  costs  have  progressively  declined.  The  resulting  modification  of  the 
cost  structure  has  created  the  need  to  address  both  production  and 
non-production  costs.  VAPD  has,  therefore,  expanded  the  application  of 
measurements  to  its  non-production  areas. 

The  traditional  method  of  measuring  performance  in  the  production  area 

involves  the  use  of  work  standards.  Such  standards  are  developed  by  a 

cost-intensive,  analytical,  multi-step  method  shown  in  Figure  5  A.  While 

effective  in  the  production  area,  this  technique  is  costly,  specialized,  and 

cannoc  be  universally  applied  to  overhead  and  support  functions.  Therefore, 

VAPD  uses  other  simpler  and  less  cost-intensive  methods  for  application  in 

non-production  areas.  Techniques  such  as  "input: output"  or 

3 

"activity: indicator"  ratios  ,  as  shown  in  Figure  5  B  are  utilized  to 
provide  reliaoie  measurement  at  a  lower  cost. 

Figures  6  and  7  illustrate  the  performance  charts  used  at  the  unit  level  and 
Che  department  level.  The  charts  feature  sections  denoted  as  "PERFORMANCE" 
and  "SATING".  The  PERFORMANCE  shown  pertains  to  individual  measurement. 

Since  measurements  are  often  diverse  and  cannoc  be  mathematically  adaea,  the 
RATING  category  ia  usee  co  convert  all  performances 
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A.  Production  Arcus 


B.  Non- Production  Areas 


WORK  STANDARDS 

TRACK  PERFORMANCE 
WORK  STANDARDS 
ESTIMATE  VALUES 
IDENTIFY^ELEMENTS 
STANDARD  METHOD 
ANALYZE  PRACTICE 


INPUT:  OUTPUT 
MAN-HOURS 
LOTS  INSPECTED 


ACTIVITY:  INDICATOR 
NUMRER  OF  CUSTODIANS 
SQUARE  FEET  CLEANED 


FIGURE  5  MEASUREMENT  TECHNIQUES 
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SATING 
0*10  SCALE 


CASE 

PERFORMANCE 

SATING 

BEST;' 

40.00 

10.00 

WORST:' 

30.00 

0.00 

PRESENT  GUARTER: 

93.00 

4.33 

YEAR  TO  OATE: 

90.50 

5.39 

•  -  JUDGEMENT  CALLS 
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.SGENO 
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FIGURE  6  UNIT  LEVEL  PERFORMANCE 
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RATING 

1  -  10  SCALE 


FIGURE  7  DEPARTMENT  LEVEL' PERFORMANCE 
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co  a  cotaaon  scale  of  0  ("worse  case")  Co  10  ("besc  case").  Such  a  conversion 
allows  comparison  between  diverse  measurements,  as  well  as  calculacion  of  a 
department's  total  performance.  In  this  manner,  measurements  are  used  to 
monitor  performance  improvement  and  provide  cost  trends  for  future  bids  and 
proposals. 

Savings 

Two  problems  have  been  cited  most  frequently  as  inhibiting  productivity 
improvement  and  modernization  in  defense  contracts: 

.  Program  uncertainties 

.  A  cost-oriented  profit  policy 

In  the  first  instance,  risks  are  introduced  which  hinder  investment 
amortization  and  inhibit  long-term  planning.  Due  to  the  second  problem,  a 
contractor  may  actually  see  profits  reduced  as  a  result  of  efforts  to  improve 
productivity  and  reduce  costs.  DOD  has  introduced  an  Industrial  Modernization 

4 

Incentive  Program  (IMIP)  as  a  cool  to  overcome  these  impediments  .  The 
central  idea  in  IMIP  is  to  negotiate  a  business  arrangement  with  benefits  to 
both  parties: 

.  Contractor  -  investment  protection 

-  shared  savings 

.  Customer  -  reduced  acquisition  costs 

Investment  protection  to  the  contractor  overcomes  risk  associated  with  program 
instability.  Shared  savings  on  current  and  future  programs  increase  the 
contractor's  rate  of  returns  and  profits. 

The  IMIP  program  is  especially  attractive  because  its  concept  of  shared 
savings  can  be  applied  co  both  manufacturing  and  non-manufacturing 
modernisation.  Since  VAPD  nas  a  oroad  based  program  for  productivity 
improvement  initiatives  in  all  departments,  it  nas  developed  a  uniform 
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approach  Co  IM1P  which  is  based  cm  che  assumption  chac  Che  contractor's  shared 
savings  would  come  from  improvements  in  performance.  Improvements  are 
measured  by  comparing  a  pre-determined  "baseline"  performance  with  "actual" 
performances  in  the  future  (Figure  8).  Readily  available  measurements  are 
used  to  monitor  che  performance  of  modernization  projects  (Table  3).  Shared 
savings  for  any  given  year  are  calculated  in  three  steps  as  shown  in  Table  4. 
Step  1  measures  "improvement",  step  2  calculates  "savings"  and  step  3 
"allocates"  savings  to  multiple  programs.  It  should  be  noted  that  che  TMJ.P 
program  allows  DOD  agencies  to  mutually  agree  and  designate  a  lead  buying 
office  for  each  company  where  IMLP  is  to  be  pursued.  That  buying  office 
becomes  che  IfilP  focal  point  for  the  contractor  to  accommodate  modernization 
projects  that  cut  across  multiple  programs. 

The  productivity  improvement  program  described  above  serves  the  special  needs 
of  VAPD.  While  some  of  its  features  may  have  wider  application,  it  is  not  a 
magic  formula  for  success.  More  important  Chan  Che  structure  of  any  program 
is  Che  degree  to  which  che  usage  of  productivity  Cools  becomes  natural  to  a 
company's  daily  operation.  A  program,  at  its  best,  becomes  so  pervasive  as  to 
be  anonymous. 

A  more  complete  description  of  LTV' s  Integrated  Approach  is  included  as 
Appendix  A. 4  in  this  Volume  I  of  the  Final  Report. 
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FIGURE  3  PERFORMANCE  MEASUREMENT 


TABLE  3  EXAMPLES  OF  MEASUREMENTS 


PROJECT 

MEASUREMENT 

OFFICE  OF  THE  FUTURE 

S  TECHNICAL  PUBLICATIONS  A  REPRODUCTION 

S  VAPD  SALARIED  LABOR  COSTS 

INVENTORY  REDUCTION 

S  AVERAGE  WIF  INVENTORY 

S  ANNUAL  SALES  *  CHANGE  IN  WIF 

FLEXIBLE  .MANUFACTURING 

S  COST  OF  SALES  (AFFECTED  PARTS) 

$  AS-IS  STANDARD  HOURS 
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TABLE  4  CALCULATION  OF  SHARED  SAVINGS 


Step  1  •  Improvement: 

BASELINE  PERFORMANCE 

PERFORMANCE  IN  YEAR  (i)  IMPROVEMENT  (%) 


B 

Ai 

<B  -  Ai)  % 

Step  2  •  Savings: 

INCREMENTAL  SAVINGS 

PER  PERCENT 

TOTAL 

CONTRACTOR'S 

IMPROVEMENT  (S/%) 

SAVINGS  (S) 

SHARE (%) 

PSR 

IS) 


li 


Step  3  -  Allocation: 


Si*  li  (B-Ai) 


C% 


P*c-S 


Program  L 

Sales  ±  Change  in  WIP  {%)  20 

Allocated  PSR  (S)  0.2P 


M 

N 

Tout 

50 

30 

100 

0.5P 

0.3P 

P 
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C.  Application  of  Each  Model 
1.  APPLICATION  OF  CDEF 

The  CDEF  methodology  is  intended  to  complement  a  company's 
strategic  operational  planning  process.  The  application  of 
CDEF  assumes  that  competitive  market  objectives  have  been 
established  and  disseminated  to  those  responsible  for  pro¬ 
duction  planning.  Ultimately,  CDEF  will  be  used  to  facili¬ 
tate  a  top-down  planning  effort  and  avoid  "solutions  looking 
for  a  problem",  that  may  result  in  a  company  implementing 
islands  of  technology. 

Ideally,  CDEF  is  applied  first  at  the  macro  (facility/ 
company)  level  to  identify  areas  of  low  performance,  the 
current  or  direct  cost  of  manufacturing,  and  to  isolate 
obvious  areas  of  concern.  Application  at  the  micro  level 
would  follow  as  improvement  projects  are  identified  and 
implemented . 

It  has  been  our  experience,  however,  that  many  companies 
identify  improvement  projects  without  doing  the  up-front 
analysis  that  CDEF  advocates.  In  these  cases,  backtracking 
has  been  required  and  frequently  projects  which  "appeared" 
to  be  beneficial  have  in  actuality  had  significant  offset¬ 
ting  costs. 

Once  a  top-down  analysis  using  CDEF  has  been  undertaken,  a 
pattern  for  performance  and  cost  improvement  project  iden¬ 
tification,  justification  and  selection  can  be  established. 

Admittedly,  the  CDEF  process  is  not  a  small  endeavor.  How¬ 
ever,  the  costs  of  selecting  inappropriate  improvement 
projects  using  outdated  techniques  can  far  outweigh  the 
costs  associated  with  utilizing  the  CDEF  methodology  and 
selecting  projects  that  reflect  true  cost  and  performance 
improvements . 
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C.  Application  of  Each  Model 


2.  DCF/SSA 


The  DCF/SSA  model  application  Is  appropriate  only  after  certain  requirements 
have  been  satisfied.  A  top-down  structured  factory  wide  analysis  must  be 
performed.  Structured  cost  benefits  analysis  (CBA)  methods  must  be  utilized 
In  compliance  with  cost  accounting  standards  (CAS),  Contractor  disclosure 
statements,  and  negotiated  rates  and  factors. 

At  this  point,  the  DCF  rate  of  return  analysis  may  occur  by  calculating  the 
appropriate  shared  savings  Incentive  dollar  value  necessary  to  realize  an 
established  percentage  rate  of  return. 

The  IM1P  approach  to  analyzing  the  applicability  of  modernization  projects  Is 
to  model  the  most  effective,  efficient,  reliable  and  productive  means  to  guide 
the  product  through  Its  required  manufacturing  processes.  The  following 
objectives  should  be  given  major  consideration: 

°  Minimize  the  quantity  of  direct  labor 
°  Minimize  material  handling 
°  Minimize  the  product  manufacturing  cycle 
*  Maximize  process  yield  (quality) 

0  Maximize  the  Integration  of  systems  with  the  latest  In 
manufacturing  methods 
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A  top-down  structured  methodology  needs  to  be  developed  for  each  of  the 
proposed  modernization  projects  based  on  Individual  evaluations  and  compared 
to  the  overall  contractor  business  and  resource  requirements  (figure  21). 
Overall  program  risk  Is  based  on  theoretical  feasibility,  conciseness  of 
program  definition,  performance  requirements,  rellablllty/malntalnablllty/ 
availability,  schedule,  and  costs. 

Figure  2-2  reflects  the  typical  cycle  for  the  development  of  a  modernization 
project  and  provides  an  overview  for  establishing  phased  requirements  for 
successful  and  acceptable  Implementation. 

Following  the  top-down  analysis  approach  and  Identification  of  high  cost 
repair/manufacturing  areas,  an  analysis  of  advanced  technologies,  equipment, 
quality,  and  management  Information  systems  Is  conducted  to  determine  the 
financial  desirability  of  active  Implementation  of  the  Identified 
Improvements.  Figure  2-3  outlines  the  analysis  methodology  which  Identifies 
the  sources  of  supportive  data  and  provides  for  consistent  organization  of 
Individual  projects. 

Ihe  contractor's  costing  rates  are  typically  utilized  to  recover  Investment 
dollars  applicable  to  the  particular  business  unit  In  accordance  with  that 
business  unit's  cost  accounting  standards  disclosure  statement.  In  most 
cases,  the  use  of  composite  rates  will  cause  levels  of  variation  from  actual 
realized  costs  to  the  composite  costs  accumulated  In  the  accounting  system. 
This  costing  rate  variance  has  a  significant  Impact  on  the  rate  of  return 
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reported  and  needs  an  Impact  analysis  review  similar  to  that  conducted  for 
alternative  technical  scenarios.  This  necessitates  the  reevaluation  of  the 
cost  rates  structure  to  Insure  effective  evaluation  of  1M1P  projects. 

The  ICAM  Program  was  assigned  the  task  of  defining  the  structure  and 
components  of  a  computer  Integrated  manufacturing  system  and  Implementing  that 
system  Into  a  demonstration  environment. 

The  primary  analytical  tools  used  during  a  project  lifecycle  are  the  1CAM 
Definition  (IDEF)  Methodologies.  The  IOEF  Methodologies  can  be  used  to 
analyze  current  manufacturing  operations,  and  propose  changes  In  system  design 
for  future  operations.  In  addition,  the  IDEF  Methodologies  can  be  used  to 
assess  benefits  and  risks  associated  with  the  Implementation  of  new  technology. 

The  IDEFq  function  model,  In  Figure  2-4,  provides  complete  definition  of  the 
functions  performed  and  function  relationships  of  a  system.  This  definition 
consists  of  the  Inputs,  outputs,  controls,  and  mechanisms  associated  with  each 
functional  element.  The  functions  are  linked  by  the  Inputs  and  outputs;  the 
resource  requirements  are  defined  by  the  mechanisms;  and,  the  effects  ot  the 
controls  Imposed  by  management  are  taken  Into  account. 

The  IDEFq  function  model  does  not  necessarily,  by  design,  correlate  to  a 
contractors  accounting  organization  structure,  lherefore,  costs  allocated  to 
Function  Model  nodes,  do  rot  necessarily  track  to  costing  rates  and  factors 
used  In  pricing  and/or  cost  accounting.  A  correlation  needs  to  be 
accomplished  to  meet  the  requirements  of  quoting  costs  and/or  savings  In 
accordance  with  the  contractors  disclosure  statement  as  required  by  Public  law 
87-653. 
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There  Is  more  than  one  source  of  funds  needed  to  Invest  In  manufacturing 
Improvement  to  achieve  significant  cost  reduction,  quality  Improvement  and 
compressed  manufacturing  cycle  time  strategic  objectives,  Companies  are 
utilizing  capital,  overhead,  and  Independent  research  and  development  funds 
which  are  applied  In  the  negotiated  annual  rates  and  factors  as  well  as 
government  funded  development,  eg  Manufacturing  Methods  Technology  (MM1 ) ,  Tech 
Mod  and/or  product  program  directed  funds  as  well  as  IMIP  shared  savings 
and/or  enabling  technology  development. 

the  expense  portion  of  company  funded  Investment  Is  Included  In  the  Discounted 
Cash  flow  analysis  while  government  funded  Investment  Is  considered  zero 
expense  to  the  contractor.  The  capital  and  associated  Installatlon/debug/test 
acceptance  expense  Is  deprec1ated„over  the  life  of  the  ass_et. 
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Figura  2-1.  Tachnology  Hodarnization  Projact  Evaluation 
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TASK  I  1-  PRELIMINARY  DESION 


VIEW/FINALIZE  SYSTEM  REQ  1 

IALUE  TO-BC  MOOEIS  T  -  GENERAL  SYSTEMS  DESIGN  (OSD)  DOCUMENT  -  (SYSTEMS  FUNCTIONAL  DESCRIPTIONS) 
STEMS  SIMULATION 
STEM  FUNCTIONAL  OESION 
ITEM  INTEGRATION  TEST  FLANS 


TASK  N 


SYSTEMS  DETAILEO  OESION 


•SYSTEM  A  DETAILED  DESIGN 
•SYSTEM  B  DETAILED  DESIGN 
•  SYSTEM  C  DETAILED  DESIGN 


“  DETAILED  SYSTEM  DESIGN  (DSO)  DOCUMENT  - 

(DETAILEO  OESIGNS  NECESSARY  TO  IMPLEMENT  FUN 


SYSTEMS  INTEQRATION/OEMONSTRATION  -  |  TASK  III 


•  PNOQNAM/OEBUO  SYSTEM  UOOULES 

•  FAMICATE/ASSEMSLY HARDWARE  MOOULES 

•  UNIT  TEST  SYSTEM  MOOULES 

•  SYSTEMS  INTEGRATION  TESTS 

•  SYSTEMS  DEMONSTRATION 

•  COST  SAVINGS  ANALYSIS 


SYSTEMS  INTEGRATION  TEST  RESULTS 
WORKING  PROTOTYPE  DEMONSTRATION 
COST  SAVINGS  VERIFICATION 
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Figura  2-2.  Tasks  Schtdul# 
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Figure  2-3.  Coat/tenaf its  Analysis  Methodology 


IDEF0  Function  Model 


Mechanism 
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Figure  2-4.  IDEF0  Function  Model 


REQUIREMENTS 


A) .  Business  Base 

A  time-phased  logic-based  scenario  covering  a  10-year  span  needs  to  be 
established  to  provide  a  production  requirements  baseline  upon  which  to  base 
estimated  costs  for  future  production.  The  scenario  Includes  product 
quantities  and  production  rates  by  calendar  years  for  applicable  product 
lines.  This  scenario  provides  the  time-phased  processing  requirements  to 
serve  as  baseline  for  estimates  of  future  production  costs  employing  either 
present-day  or  Improved  methods. 

B) .  Costs 

Work  Breakdown  Structures  (WBS)  and  time-phased  schedules  need  to  be  developed 
for  each  of  the  proposed  modernization  projects  wMch  Identify  the  associated 
development  and  Implementation  costs.  The  WBS  and  schedules  are  then  utilized 
to  establish  cost  and  schedule  controls  for  the  various  elements  of  the  total 


task. 


Capital  cost  requirements  need  to  be  established  on  an  Individual  project 
basis,  and  the  time-phased  acquisition  determined  by  the  development  phase 
requirements. 

Nonrecurring  costs  of  capital  acquisition,  transportation,  and  equipment 
Installation  need  to  be  Included,  but  requires  a  centralized  coordination 
effort  to  ensure  the  availability  of  funds  consistent  with  the  Individual 
project  needs  and  Implementation  schedules. 

Any  additional  cost  elements  associated  with  Implementing  and  maintaining 
modernization  projects  are  Included  In  the  analysis  of  "Before  1MIP"  and 
"After  IMIP"  models. 

C).  Benefits 

Cost  estimates  for  potential  savings  resulting  from  Implemented  systems  needs 
to  be  derived  by  assessing  Improved  efficiencies  and  yields  against  reductions 
In  required  manpower  projected  to  result  from  the  automated  systems.  Detailed 
estimates  need  to  be  developed  utilizing  "Before  IMIP"  and  "After  IMIP"  models 
at  the  project  level  and  employing  Industrial  engineering  estimating 
techniques  to  establish  future  labor  hours,  costs,  and  equivalent  manpower 
requirements  for  present-day  and  Improved  methods.  Estimates  need  to  be 
derived  In  accordance  with  the  time  phased  schedule  and  encompass  not  only 
basic  production  and  processing  costs,  but  also  costs  of  a  supportive  nature, 
such  as  equipment  maintenance,  calibration,  and  other  non  "hands  on" 
activities. 
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Additional  production  requirements  need  to  be  forecasted  from  existing  product 
planning  and  a  projection  of  future  conventional  processing  needs  In  order  to 
distinguish  the  effect  of  manufacturing  technology  on  future  costs. 

Each  technology  modernization  project  needs  to  be  analyzed  to  determine  the 
effect  on  Indirect  cost  categories  such  as  labor,  floorspace,  work-in-process 
Inventory,  and  associated  equipment  alternatives. 

Improved  processes  and  yields  often  generate  additional  factors  In  determining 
savings  such  as  scrap/rework,  materials,  and  energy.  These  factors  need  to  be 
Included  In  the  Individual  project  analysis. 

0).  System  Implementation  Plans 

Implementation  plans  need  to  be  established  on  an  Individual  project  basis  and 
will  be  coordinated  to  ensure  availability  of  resources. 

Additional  production  requirements  need  to  be  forecasted  from  existing  product 
planning  and  a  projection  of  future  conventional  processing  needs  In  order  to 
distinguish  the  effect  of  manufacturing  technology  on  future  costs. 

The  estimated  rate  of  return  can  then  be  calculated  using  the  OCF/SSA  model. 
The  following  generic  factors  Influence  the  rate  of  return  calculation  and 
must  be  reviewed  In  detail  for  each  specific  business  unit. 
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0  Depreciation,  expense,  and  cost  of  mone}  are  assumed  to  be  recovered 
In  the  cost  rate. 

°  Profit  on  depreciation  and  expense  as  well  as  retained  savings  for 
existing  fixed-price  contracts  must  be  considered. 

0  Lost  profit  caused  by  reduced  cost  on  future  sales  can  be  reclaimed 
under  IMIP  Investments. 

0  Retained  savings  for  commercial  business  must  be  considered  under  1M1P 
Investments  and/or  new  costing  rates  would  be  determined. 

While  the  formula  used  to  calculate  the  Internal  rates  of  return  In  various 
models  Is  basically  Identical,  disparities  In  the  approach  to  the  net  cash 
flow  calculations  can  occur.  However,  the  net  affect  of  each  model  will  yield 
similar  results  given  Identical  Input.  Figures  2-5  and  2-6  exemplify  this 
point  utilizing  the  Westlnghouse  IF  PS  and  the  LNI  models. 
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FIGURE  2-3  LM I  SAMPLE  DCF  MODEL 


5  mm  •  •  •  • 

s  i  •  i 

M  m  m  m 

5  *•  m  ^ 


-  I  •  i  i  •  •  1 1 


s  s 


as 


•rrii 

•  •  mm 

s  a  as 

a  a  an 


£ 

i 

s 


****** 

a  a 


mi 

»•  m  mm 

a  a  as 


•  .v  - 


i  t******* 

^m  m  ^m 


113 li  — !» 


i  ■  ■  • 


2” 


••22 


•  w  •  • 


2  *255*5 


:  :  i  i  i  :  i  i  i  :  i  i 


i  i  I  i  I  i  I  I  I 


252S3*3 


•  ••••••• 

*M«n. 


5MtH2i 


£*B*=5*s 


sdd sa*‘i 

*?*?  J!  m  m 


Ssisgsa-* 


••••aa*a 


S 


» 

* 


I, 

il 


I  i 


-  i 

i  a 


si3;3  , 


a  a 


iiiiil 

••s  «* 

i  i  i  I  I  i  I 


2  2  £ 


•  •  •  •  • 


IS^-SS 


•  m  n  •  •  n 

•  •  •  •  f  • 


•  «  S  • 

•  •  •  •  •  • 

225*22 


•  ■  3  •  n  n 

5  U-ii 


•  •  •  •  •  _ • 

352“E5 


**S*5l8 


iiiiii 


.  i 


iiiiii 


•»s«ss 

•  ••••• 

225252 


i  •  S  ^  •  n  ii 

i  •  •  •  •  •  • 

i  *fta* *« 


i 


1  i  3 

^  2  5  I  *  k  2 
222222  s 


s  a  a 

•  t  i  •  •  i  •  •  •  • 

I  I  I  I  I  I  I  !  I  ! 


•  •  • 


2222  5  2 

sssa  fs 


•  •  •  •  • 


2222  25 

m  m  m  m  mm 

asass  an 


•  •  • 


ms  ss 

SSSC  ?8 


jJM  35 
:jib  is 


SS*S  35 

•  •  •  m  mm 

aa*s  -a 


•  •  •  •  •  • 


5  22 


•  •  •  •  •  • 

2225  22 

m  m  m  m  mm 

n  •  m  n  «  ^ 
m  m  m  m  m  «• 

222*  25 
•  •  •  •  •  • 
«i  n  N  m  pa  f* 

iill  35 


•  •  • 


* ' 
a 


|iii2 


1 1 
1  : 


—  «•  mm  rn  <m  mm  m 

«= -s  - -S  J  -  «a 


Jm  m  m  —  «•.  « 

c i s2j  e 


.  £  ft  »  3  »  *5 
= ix 2221 
isii  !i^ 


mm 


m  mm  HISSS5S 


a  a  a  aa 


1 16 


?l  Intrunl  Payback  PtrIM  I.S  ytarl 

22  taalraclar  Ulcraal  lata  il  latara 

Nllbaul  lacntlvc  3.01 


MOKl  IN  VERSION  OF  tl/ll/K  13>R7  -  II  Ctt-IMM  SR  VMUIUI 


FIGURE  2-6  IFRS  SAMPLE  DCF  MODEL 


pS  i 

|SS5.  IS  ?  s 


5  S83  ??  3  S 


g  1 332  NS  § 

B9SB  SIS?  £ 


«!|u  ij  as*  m  ? 


i{  i  i  i  i  isjeP  g&  3 


3»  4 


117 


C.  Applications  of  Each  Model 
3.  MFPMM 

The  MFPMM  is  intended  to  compliment  and  integral:  j  wit.  a 
management  team's  planning,  measurement  and  evaluation,  an l  control 
and  improvement  process.  There  are  many  different  potential 
applications  for  the  model.  Certain  applications  require  software 
revision  and  development,  however,  this  has  not  been  n  major 
problem.  Ultimately,  we  believe  this  model  or  derivations  will, 
became  an  integral  part  of  a  top  management  team's  management 
support  system.  We  envision  condensed  and  summarized  data  from  the 
model  being  used  throughout  the  organization,  including  a',  the  board 
of  Director  level. 

The  ideal  application  for  the  MFPMM  and  the  current  software  is 
at  the  plant  level.  The  model  is  best  suited  for  an  appl  !  rat  '<  n 
with  an  operation  that  has  discrete  products,  with  short  cycle 
times,  few  product  mix  changes,  and  few  design  changes.  An  example 
of  a  perfect  application  for  the  model  is  a  food  processing  plant 
with  a  stable  product  line.  This  example  is  not  intended  to  infer 
that  other  applications  are  not  possible.  The  LTV/VAPD  application 
is  an  example  of  how  the  model  can  be  successfully  modified  to  work 
in  even  the  most  difficult  of  measurement  situations. 

Experience  suggests  that  the  MFPMM  is  quite  simple  to  implement 
in  ideal  applications.  The  model  has  been  quite  successfully 
modified  and  implemented  at  a  reasonable  cost  in  long-cycle  time, 
many  product  mix  chang--,  i a  ly  product  design  cuange,  s it  ,-.r  tons  . 
The  LTV/VAPD  application  of  the  model  has  required  1  .  person-years 
of  effjct  to  develop. 
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An  application  scenario  for  the  model  is  provided  in  the 
LTV/VAPD  description  of  their  use  of  the  model.  An  additional 
applications  scenario  is  as  follows.  Once  a  quarter,  the  model  is 
run  with  new  data.  The  model  output  is  sent  to  the  management  and 
staff  team  responsible  for  the  operation.  Each  management  team 
member  is  asked  to  analyze  and  interpret  what  the  model  suggests  has 
happened  to  the  performance  of  the  operation.  Each  team  member 
would  also  be  asked  to  come  to  the  review  meeting  with  specific 
plans  designed  to  improve  the  performance  of  the  operation  during 
the  next  quarter.  Specific  interventions  would  be  entered  into  tne 
model's  simulation  routine  (pessimistic,  most  likely,  optimistic 
values  for  changes  can  be  entered  to  account  for  uncertainty).  The 
model  can  be  run  for  various  combinations  of  improvement 
interventions.  Productivity  improvement  strategies  can  then  be 
built  into  challenge  budgets.  LTV/VAPD  utilizes  a  version  of  this 
process.  The  model  is  run  with  annual  budget  data  and  updated  with 
quarterly  actual  data.  They  incorporate  forecasted  Dudgets  five 
years  out  in  the  model. 

The  MFPMM  application  appears  to  be  limited  primarily  by  a 
resistance  or  reluctance  on  the  part  of  American  management  to 
experiment  witli  and  develop  advanced  and  improved  decision  support 
systems.  MFPMM  applications  sued  as  the  one  being  developed  by 
LTV/VAPD  are  exemplary  of  excellent  management  practices. 


119 


D.  Comparison  and  EvaluaCion  Methodology 
1 .  Generic  Criteria 

The  purpose  of  this  study  was  to  test  three  specific  models  that 
were  viewed  as  having  potential  to  measure  and  evaluate  productivity 
(effectiveness,  quality,  efficiency)  and,  to  support  specific  government 
to  contractor  incentive  methodology  (e.g.,  IMIP) .  As  mentioned,  none  of 
the  individual  models  was  designed  specifically  to  satisfy  the  goals 
desired  by  DoD.  However,  we  have  developed  a  set  of  generic  criteria 
that  should  be  used  to  evaluate  productivity  management  methodologies. 
Table  V-D-l-l  lists  these  criteria.  We  have  also  developed  a  sec  of 
generic  criteria  that  should  be  used  to  evaluate  specific  models  chat 
might  be  applied  for  the  purpose  of  measuring  and  evaluating  productivity 
and  supporting  incentive  methodologies.  Table  V-D-l-2  lists  those 
criteria.  In  the  next  section,  V-D-2,  we  present  the  sets  of  specific 
criteria  or  design  specifications  that  each  of  the  three  models  were 
intended  to  meet.  In  Section  V-E  we  then  evaluate  each  model  against  tne 
criteria  listed  in  Table  V-u-1-2  (generic  productivity  measurement  ami 
evaluation  and  incentive  methodology  support  system  criteria).  In 
Section  V-F  we  evaluate  the  I.TV/VAPL)  productivity  management  methodology 
against  the  criteria  listed  in  Table  V-D-l-l  (generic  productivity 
management  methodology).  We  do  not  evaluate  each  model  against  its  own 
design  criteria  as  we  suspect/hope  the  results  are  obvious. 
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PMGCj 

PMGC2 

PMGC3 

pmgc4 

PMGC5 

pmgc6 

PMGC7 

PMGCg 

PMGC9 

PMGC  j^q 

PMGCU 


Table  V-D-l-1  Generic  Criteria  Useful  in 
Evaluating  Productivity  Management 
Methodologies  (PMGC) 

•  Does  the  methodology  incorporate  a  2-5  year  strategic 
planning  process? 

•  Does  the  planning  process,  by  which  the  2-5  year  plan 
is  developed,  substantively  involve  all  major, 
relevant,  and  appropriate  key  decision  makers  in  the 
organization? 

•  Does  the  methodology  recognize  the  need  for  a 
competent  "champion"? 

•  Does  the  methodology  incorporate  mechanisims  for 

managing  change  within  a  political  and  sociological 
culture? 

•  Does  the  methodology  ensure  that  productivity  basics 
are  understood  consistently  by  all  persons  in  the 
organization? 

•  Does  the  methodology  consider  and  incorporate  a 
process  by  which  general  awareness  about  the  win-win 
features  of  productivity  improvement  can  be  developed? 
Does  the  methodology  recognize  that  there  are  strong 
pressures/restraining  forces  impeding  productivity 
improvement  that  must  be  forthrightly  and  openly  dealt 
with? 

•  Does  the  methodology  incoporate  the  notion  of  stages 
of  development  or  evolution  for  the  productivity 
effort? 

•  Is  there  genuine,  real,  long-lasting  top  management 
support  for  the  effort?  Does  the  methodology  provide 
a  mechanism  for  getting  and  keeping  the  support? 

•  Does  the  methodology  adequately  provide  for 
integration  of  specific  models,  techniques,  and  steps 
within  the  methodology  and  a  mechanism  for  integrating 
these  with  other  management  systems? 

•  Does  the  methodology  define  how  the  productivity 
management  plan  wilL  integrate  with  the  business  plan, 
marketing  plan,  capital  budgeting  plan,  long-range 
(5-25  year)  strategy  plan,  etc.? 

•  Does  the  methodology  utilize  state-of-the-art 
participative  management  techniques,  at  all  levels  of 
management,  to  drive  productivity  improvement  plans? 
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Table  V-D-l-1  (cont.) 


PMGC ^2 

PMGC13 

pmgc14 

PMGC! 5 

PMGC16 

PMGC! 7 
PMGC!g 

pmgc19 

PMGC2o 

PMGC2l 

PMGC22 


•  Does  Che  methodology  specifically  deal  wich  how  to 
link  strategic  productivity  improvement  planning  to 
action  planning  and  effective  implementation? 

e  Does  the  methodology  incorporate  mechanisims  that 
encourage  and  promote  disciplined  management  of 
budgets  (all  resources)  at  various  levels  of 
management  and  supervision? 

•  Does  the  methodology  incorporate  continuing  and 
proactive  development  of  improvement  measurement  and 
evaluation  systems?  Does  the  methodology  specifically 
incoporate  state-of-the-art  productivity  measurement 
and  evaluation  techniques? 

•  Does  the  methodology  strongly  encourage  periodic 

measurement  and  evaluation  system  audits  that  check  to 
ensure  that  those  things  which  truly  constitute  system 
performance  are  measured? 

•  Does  the  methodology  recognize  the  difference  between 
measurement  and  evaluation  systems  for  control 
purposes  versus  those  for  development  and  improvement 
purposes? 

•  Does  the  methodology  discourage  measuring  A  while 
hoping  for  B? 

•  Does  the  methodology  define  how  various  measurement 
and  evaluation  systems  will  integrate  into  a  cohesive, 
effective  management  system  that  supports  proactive 
productivity  management? 

•  Does  the  methodology  allow  for  personalized  scoreboard 
building  by  sections,  work  groups,  departments,  etc.? 

e  Does  the  methodology  promote  continuing,  proactive 
development  of  control  and  improvement  techniques 
related  to  all  resorces?  Does  the  methodology 
specifically  incorporate  state-of-the-art  productivity 
control  and  improvement  approaches  and  techniques  for 
labor,  capital,  energy,  materials,  and 
data/ information? 

•  Does  the  methodology  encourage  periodic  audits  of 
control  and  improvement  procedures?  Do  we  audit  what 
we  really  reward? 

•  Does  the  methodology  discourage  rewarding  A  while 
hoping  for  B? 
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Table  V-D-l-1  (cont.) 


PMGC23 

PMGC24 

pmgc25 

pmgc26 

pmgc27 

pmgc28 

PMGC29 

PMGC30 

PMGCsj^ 

pmgc32 

PMGC33 

PMGC34 


•  Does  the  methodology  encourage  and  promote  innovation 
at  all  levels  of  the  organization? 

•  Does  the  methodology  utilize  a  "cost-driver"  analysis 
to  identify  where  improvement  efforts  are  best 
directed? 

•  Does  the  methodology  define  how  to  successfully  link 
control  and  improvement  to  measurement  and  evaluation, 
and  vice  versa? 

•  Does  the  methodology  focus  on  building  effective 
management  systems  as  opposed  to  just  automating?  Are 
our  improvement  efforts  piecemeal  attempts  to  optimize 
subsystems  at  the  expense  of  larger  system 
performance? 

•  Does  the  methodology  strive  to  create  goal-conguity/ 
win-win  situations?  If  the  organization  wins,  will 
the  individual  win  also? 

•  Does  the  methodology  successfully  utilize 
state-of-the-art  participative  management  techniques 
for  productivity  improvement  plan  identification, 
development,  and  implementation? 

•  Does  the  methodology  focus  on  execution  of  management 
basics  as  an  early  step  in  productivity  improvement? 

•  Does  the  methodology  hold  management,  staff,  and 
employees  accountable  in  a  disciplined,  consistent 
fashion? 

•  Does  the  methodology  incoporate  planning  for 
maintaining  excellence  once  it  is  achieved? 

•  Do  all  levels  of  management  and  staff  understand  the 
methodology?  Does  the  methodology  incoporate  plans  to 
involve  management  in  its  development  and  to  continue 
education  as  to  the  methodologies  execution? 

•  Is  the  methodology  designed  so  as  to  be  self 
motivating? 

•  Is  the  methodology  as  simple  as  possible? 
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Table  V-D-l-2  Generic  Criteria  Useful 
in  Evaluating  Productivity  Measurement 
and  Evaluation  Modelt  that  will 
also  Support  Incentive  Methodology* 
(PMEM  GC) 


PMEMGCi  •  Is  the  model  easy  to  use? 

-  Ease  of  Application 

PMEMGC2  •  Ease  of  Application  for  Prime  Contractors. 

•  Ease  of  Application  for  Subcopntractors . 

PMEMGC-ja  •  Does  model  utilize  existing  company  data  bases? 

-  Percent  of  data  needed  that  is  available. 

PMEMGC3b  •  Does  the  model  require  developing  new  company  data 
bases?  If  needed  data  is  not  available,  can  model  be 
modified  to  provide  valuable  information? 

-  New  data  bases  that  must  be  developed  to  use  model. 

PMEMGC^g  •  What  does  the  model  measure?  (directly  &  indirectly) 

-  Effectiveness 

-  Efficiency 

-  Quality 

-  Productivity 

-  Quality  of  Work  Life 

-  Innovation 

-  Profitability 

PMEMGC41,  •  Is  the  model  primarily  designed  for: 

-  cost/benefit,  cash  flow  projection  and  analysis? 

-  cost/benefit,  cash  flow  tracking  &  validation? 

-  productivity  measurement  &  evaluation? 

-  a  control  tool? 

-  an  improvement  tool? 

-  a  department,  function,  or  workgroup  analysis 
tool? 

-  a  plant,  division,  or  company  analysis  tool? 

-  a  project  or  program  analysis  tool? 

PMEMGC5  •  Model  usefulness  for  Manufacturing  Efficiency 

Projects?  for  Manufacturing  Investment  Projects? 

PMEMGCg  •  Implementation  Costs? 

-  general  magnitude 

-  design  &  development 

-  implementation 

-  operation  and  maintenance 


*  Incentive  Methodology  in  this  application  infers  Government  to 
Contractor  Incentive  Systems  such  as  IMIP. 
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Table  V-D-l-2  (cont.) 


PMEMGC i 
PMEMGCg 

PMEMGC 9 
PMEMGC 10 

PMEMGC n 

PMEMGC 12 
PMEMGC L 3 

PMEMGC 

PMEMGC i 5 
PMEMGC I6 

PMEMGC i 7 

PMEMGC la 
PMEMGC i9 

PMEMGC 20 
PMEMGC 21 
PMEMGC22 


•  Ability  to  measure  and  allocate  savings  to  multiple 
programs? 

•  Ability  to  have  productivity  improvement  projects  and 
business  programs  added  and  deleted?  Flexibility  of 
model? 

•  Ability  to  delineate  commercial  and  government  program 
benefits? 

•  Quality  of  model  output?  Appropriateness  of  model 
output  portrayal?  Flexibility  of  output  for  variable 
audiences? 

•  Accessibility  of  necessary  input  data?  Preprocessing 
of  input  data  required? 

•  Auditability  of  model? 

•  Ability  of  model  to  handle  long  cycle  times,  multiple 
products,  frequent  design  changes,  product  mix 
changes? 

•  Ease  of  translation  and  transfer  of  model  within 
defense  industry? 

•  Perceived  complexity  of  model? 

•  Ability  of  model  to  satisfy  needs  of  multiple  users 
(i.e.,  Congress,  DoD,  contractor,  managers,  staff, 
etc.)? 

•  Uniqueness  and  perceived  utility  of  information 
provided  by  model? 

•  Perceived  implementation  cost? 

•  Ease  of  linkage,  and  quality  of  the  link  between  what 
the  model  measures  and  incentive  methodology? 

•  Model '8  conformance  to  accepted  cost  accounting 

practices? 

•  Does  the  model  follow  functional  (organizational 
chart)  analysis  or  a  cost-structured  approach? 

•  Model's  allowance  for  comparing  and  contrasting  "As  Is 

and  As  Were"  cost  baselines  vs.  "To  be"  cost 

baselines? 
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Table  V-D-l-2  (cont.) 


PMEMGC  2  3 
PMEMGC 24 

PMEMGC 2 5 

PMEMGC 26 

PMEMGC 2 7 

PMEMGC28 
PMEMGC 29 

PMEMGC 3Q 


•  Ability  of  model  to  incorporate  uncertainty  and  risk? 

•  Ability  of  model,  using  existing  data,  to  track 
productivity  improvement? 

•  Ability  of  model  to  treat  multi-dimensionality  of 
performance  and  productivity,  i.e.,  ability  of  model 
to  examine  cost  factors  and  non-economic  factors? 

•  Ability  of  model  to  substantively  involve  users  and 
people  in  the  system  in  its  development,  evolution  and 
use? 

•  Ability  of  model  to  guide,  direct,  and  even  motivate 
action  and  implementation? 

•  Ability  of  model  to  support  decisions? 

•  Ability  of  model  to  satisfy  the  goals  of  DoD  and 
contractors? 

•  Ability  of  model  to  be  integrated  successfully  into 
typical  defense  industry  management  systems? 
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0.  Comparison  and  Evaluation  Methodology 


2.  Specific  Criteria 

CDEF:  a)  Has  a  functional  structure  been  used? 

b)  Have  function  groups  been  identified? 

c)  Has  the  financial  reporting  structure  been  "mapped" 
against  the  functional  structure? 

d)  Has  a  comprehensive  Manufacturing  Cost  Model  been 
identified? 

e)  Have  Critical  Success  Factors  and  the  related 

performance  measures  been  identified? 

f)  Have  "as  is"  and  "to  be"  cost  baselines  been 
established? 

g)  Has  project  risk  been  considered? 

h)  Has  the  synergistic  impact  of  the  technology 
improvements  been  considered? 

i)  Has  a  benefits  tracking  plan  been  developed? 


MFPM:  Does  the  model: 

a)  provide  an  overall,  integrated  measure  of  productivity 
for  a  plant,  division,  firm,  etc.? 

b)  provide  an  analytical  mechanism  for  evaluating  past 
performance? 

c)  provide  important  information  for  budget  control? 

d)  provide  constant  value  information  on  performance? 

e)  assess  and  evaluate  bottom-line  impact  on  profits  from 
shifts  in  productivity  and  price-recovery? 

f)  track  results  of  specific  productivity  improvement 
interventions  or  track  total  results  of  all 
productivity  improvement  interventions? 

g)  assist  with  establishment  of  productivity  management 
planning? 
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h)  provide  in  a  succinct,  integrated  report  containing 
information  related  to 

-  changes  in  resource  utilization  and 
output  composition. 

-  traditional  "pie  chart,"  cost  driver 
analysis  data. 

-  partial  factor,  multi-factor,  and 
total  productivity  ratios. 

-  performance  indexes,  changes  in 

productivity,  price-recovery  and 

profits  from  period  to  period. 

-  the  constant-value  dollar  impact  of 

productivity  and.  price-recovery 

changes  on  profits. 

i)  provide  management  teams  with  the  ability  to  forecast 
and  simulate  business  conditions,  cost  patterns, 
productivity  trends,  and  to  analyze  these  changes 
(controlled,  constrained  or  otherwise  )  on  overall 
performance. 

j)  notivate  more  proactive  productivity  management 
efforts  on  part  of  management  teams. 

k)  reflect  good  management  system  design  (i.e.,  consider 
who  is  managing  and  what  is  being  managed  in  relation 
to  what  we  are  managing  with). 

l)  promote  total  factor  (energy,  capital,  labor, 
materials,  data/ information)  productivity  management 
decision-making. 

OCF/SSA:  a)  Has  a  top-down  structured  factory  wide  analysis  been 
performed? 

b)  Have  structured  cost  benefits  analysis  (CBA)  methods 
been  utilized? 

c)  Is  the  CBA  in  compliance  with  cost  accounting 

standards,  contractor  disclosure  statements,  and 

negotiated  rates  and  factors? 

d)  Has  an  acceptable  range  of  returns  been  considered 
both  with  and  without  incentives? 
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E.  Evaluation  of  Each  Model  as  a  Productivity  Measurement  and 

Evaluation  Model  that  can  be  Linked  to  Incentives  Methodology 

In  this  section,  each  of  the  three  models  have  been  evaluated 
against  the  thirty  plus  generic  criteria  which  were  listed  in  Table 
V-D-l-2  previously.  This  evaluation  is,  in  some  cases,  based  upon  hard 
data  previously  available  or  developed  during  the  paper  tests.  However, 
in  other  cases,  the  evaluation  represents  the  subjective  wisdom  of  the  PI 
and,  to  a  large  extent,  the  collective  judgment  of  the  research  team. 
Although  such  an  evaluation  was  called  for  in  the  RFP,  the 
reader /evaluator  is  urged  to  keep  in  mind  that  none  of  these  three  models 
were  designed  specifically  to  measure  productivity  in  the  defense 
contractor  environment  or  to  support  incentive  methodology.  In  this 
respect,  the  evaluation  must  be  viewed  as  a  somewhat  academic  exercise. 
The  analysis  is  provided  so  that  the  reader  may  view  the  research  team's 
perception  of  how  each  model  performs  against  theso  criteria. 

Table  V-E-l  is  provided  to  give  an  overall  and  general  evaluation  of 
each  model  against  these  thirty  criteria.  This  evaluation  is  very  brief 
and,  as  stated  previously,  is  largely  subjective  and  qualitative.  A  more 
quantitative  evaluation  of  each  model  can  be  found  in  Section  VII. 
Immediately  following  Table  V-E-l  is  a  specific  evaluation  of  Price 
Waterhouses 's  CDEF  model  by  Price  Waterhouse. 
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PAPER  TEST  METHODOLOGY 


The  Paper  Test  Methodology  for  Price  Waterhouse's  CDEF 
methodology  was  threefold:  1)  preparing  background  and 

briefing  materials  for  LTV  personnel;  2)  conducting  a  one- 
day  in-plant  review  of  the  CDEF  methodology;  and  3)  prepar¬ 
ing  an  analysis  of  the  applicability  of  CDEF  to  the  test 
site. 


Background  and  Briefing  Materials 

We  forwarded  to  Mr.  Shoni  Dhir  a  briefing  package  as  a 

preliminary  agenda  for  the  in-plant  meeting.  (See  Appen¬ 
dix  6.)  Five  tasks  were  outlined: 

1)  Review  of  topics  presented  by  LTV  at  the  August  1985 
meeting; 

2)  Review  of  Price  Waterhouse's  CDEF  methodology; 

3)  Determination  of  the  differences  between  LTV's  cost- 
benefit  analysis  and  tracking  methodology(ies)  and  Price 
Waterhouse's  CDEF  methodology; 

4)  Determination  of  the  level  of  effort  required  to  recon¬ 
cile  differences  in  the  two  methodologies;  and 

5)  Determination  of  enhancements  to  both  approaches. 


Included  in  Task  3  was  a  description  of  the  nine  criteria  PW 
uses  to  review  how  a  company  should  conduct  cost-benefit 
analysis  and  cost-benefit  tracking.  Three  key  concepts  are 
highlighted  in  this  document  which  characterize  a  comprehen¬ 
sive  cost-benefit  methodology: 


1)  It  should  evaluate  cost  and  performance  impacts  of 
enhanced  manufacturing  technology  programs  for  manu¬ 
facturing  functions  or  activities  rather  than  on  a  part 
or  product  basis. 

2)  It  should  prepare  an  analysis  of,  and  a  plan  to  mini¬ 
mize,  project  risk  (economic,  technical,  and  human 
factors; . 

3)  It  should  identify  cost-benefit  tracking  requirements  to 
aid  in  assuring  realization  of  proposed  benefits. 


Review  of  the  CDEF  Methodology 


The  Price  Waterhouse  project  team  (Gene  Klein  and  Betty 
Thayer)  met  with  the  LTV  IMOD  Cost-Benefit  Team  (Ray 
Thornton  and  Len  Thorpe)  on  Tuesday,  October  15,  1985  to 

discuss  the  potential  application  of  CDEF  at  LTV.  Dr. 
Marvin  Agee  from  VPI  was  also  in  attendance.  This  meeting 
was  critical  to  furthering  the  understanding  of  data 
availability  at  LTV. 


Analysis  of  the  CDEF  Methodology  at  the  Test  Site 

To  expedite  the  use  of  the  CDEF  methodology,  Price  Water- 
house  has  developed  an  application  software  tool,  the  Auto¬ 
mated  Cost  Baseline  Generator  (ACBG).  Due  to  the  quantity 
of  calculations  required  in  the  CDEF  process,  ACBG  allows 
the  cost-benefit  team  to  concentrate  on  the  methodology 
being  used  and  validity  of  data,  rather  than  the  tasks  of 
computation.  For  the  purposes  of  this  study,  ACBG  and  its 
features  were  not  evaluated.  Simply  stated,  one  could  not 
operate  ACBG  unless  the  CDEF  methodology  was  completely 
understood.  Unfortunately,  the  LTV  team  chose  to  paper  test 
only  the  ACBG  portion  of  CDEF;  therefore,  comparing  the  two 
paper  tests  may  be  confusing. 

For  the  purposes  of  this  study  we  have  tailored  our  nine 
cost-benefit  criteria  to  include  shared  savings  analysis. 
Figure  A  provides  an  analysis  of  the  requirements  for 
implementing  CDEF  at  the  LTV  test  site. 

Attachments  1  through  5  are  the  items  discussed  at  the  paper 
test  site  visit. 
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ATA  REQUIREMENTS  PRICE  WATHMOUSE  CDEF  _ _ LTV  DATA  AVAILABILITY  ADDITIONAL  RATA  BBQUTR 


DATA  REQUIREMENTS  PRICE  WATCTHOUSE  CDEF  _ LTV  DATA  AVAILABILITY  ADDTTTOKAL  DATA  PBHUT 


F.  Evaluation  of  Combined  Models  Approach  (Evaluation  of  LTV/VAPD  Methodology 
LTV/VAPD  has  developed,  and  is  continuing  to  develop,  a  methodology  for 
productivity  management  that  combines  and  integrates  a  variety  of  models. 
Their  methodology  is  quite  adequately  described  in  Section  V  of  this  report. 
We  have  evaluated  their  methodology  against  the  criteria  developed  and  listed 
in  Table  V-D-l-1.  Again,  our  evaluation  is  subjective  and  based  upon  rather 
limited  exposure.  However,  we  felt  an  evaluation  of  this  exemplary 

methodology  would  be  useful.  Table  V-F-l  lists  the  criteria  down  the  left 

side  of  the  table  and  the  major  models  that  make  up  the  methodology  across  the 
top  of  the  table.  For  each  criteria,  a  check  in  a  given  model  column  (cell) 
indicates  that  the  model  is  designed  to  address  this  criteria.  Overall 
methodology  comments  relative  to  a  given  criteria  appear  in  the  final  column 
of  the  table. 


137 


LTV/VAPO  Methodology 
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VI.  RECOMMENDATIONS  AND  CONCLUSIONS 


A.  Recommendations  and  Conclusions  According  to  Major  Objectives  of  Study 

For  the  purpose  of  this  study,  conclusions  and  recommendations  are 
summarized  and  grouped  according  to  major  objectives  of  the  study: 

01:  Evaluate  the  ease  of  measuring  and  evaluating  productivity  using 
the  CDEF,  MFPMM,  and  DCF(LMI)  models  in  "paper  test"  fashion. 

06:  Evaluate  the  abilities  of  the  models,  In  paper  test  application, 
to  satisfy  overall  project  goal  (i.e.,  to  identify  and  develop 
productivity  measurement  and  evaluation  methodologies  anu  models 
that  will  effectively  integrate  with  government  to  contractor 
Incentive  methodologies). 

08:  Recommend  (not  develop)  modifications,  If  any,  to  each  model 
which  would  make  them: 

a)  easier  to  use 

b)  easier  to  control 

c)  easier  to  administer 

d)  easier  to  obtain  Information,  and 

e)  easier  to  use  In  Incentives /rewards  applications. 

09:  Recommend  whether  or  not  to  conduct  a  field  test.  Justify 
recommendation. 

Several  general  recommendations  and  conclusions  are  also  provided. 


01.  EASE  OF  MEASURING  AND/OR  EVALUATING  PRODUCTIVITY 
CDEF 


Based  upon  numerous  conversations  with  LTV  personnel,  the  following 
conclusions  have  been  reached  regarding  the  ease  of  measuring  and/or 
evaluating  productivity  for  the  purpose  of  the  paper  test: 

•  The  structure  of  the  LTV  organization  and  the  backgrounds  of  the  LTV 
team  members  facilitated  the  evaluation  of  CDEF.  LTV  measures 
productivity  on  an  organizational  basis,  which  is  fairly  typical  of 
aerospace  companies.  Consequently,  the  concepts  and  measurement 
techniques  inherent  to  the  CDEF  methodology  were  easily  explained  to 
the  LTV  team. 

•  The  Information  required  to  Implement  CDEF  is  available  at  LTV. 
Actual  data  sources,  however,  were  not  identified.  Collection  of 
such  data  would  require  the  development  of  a  parallel  (or  separate) 
data  base  which  the  productivity  team  could  manipulate. 
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•  Specific  tasks  Chat  Che  project  team  would  have  to  undertake  in 

order  to  implement  the  COEF  methodology  include  the  following: 

-  Augment  the  IMOD  Productivity  Team  staff  with  an  individual 
familiar  with  the  financial  reporting  system  and  general  ledger 
accounts. 

-  Prepare  a  functional  node  tree  diagram  and  corresponding  Function 
Groups  of  the  Division. 

-  Identify  and  document  the  critical  cost  and  performance 

measurements  for  all  functions  (or  Function  Groups). 

-  Link  the  financial  reporting  system  and  cost  and  performance 
measurements  to  the  benefits  tracking  plan. 

MFPMM 

LTV/VAPD  utilizes  a  modified  version  of  the  MFPMM  as  discussed  in 
Section  Vll.  They  measure  and  evaluate  productivity  at  the  Division  and 
Function  level  with  this  model.  The  data  they  use  to  drive  the  model  is 
readily  available  and  they  have  encountered  no  major  difficulties  using  the 
model.  The  model  does,  however,  require  continued  developmental  effort  to 
"fine  tune"  certain  critical  aspects. 

DCF(LMI) 

The  discounted  cash  flow  model  (both  the  LM1  and  Westinghouse 
versions)  is  an  end-result ,  aggregate  productivity  measurement /evaluation 
model,  primarily  applicable  at  the  project  level.  It  is  thus  a  narrow-scope 
productivity  measurement/evaluation  "model",  and  perhaps  should  be  termed  a 
technique  rather  than  a  mode.'.  Productivity  is  measured  in  that  the  model 
calculates  an  input  (capital  investment)  and  output  (annual  savings,  or 
revenues)  relationship.  Productivity  is  evaluated  by  virtue  of  the  calculated 
Rate  of  Return  (ROI)  that  results  from  the  input-output  relationship.  The  ROI 
calculated  for  a  particular  project  is  then  compared  to  a  desired  minimum 
attractive  rate  of  return,  or  "hurdle"  rate,  to  judge  economic  feasibility  for 
the  project. 
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As  an  end-result  productivity  measurement/evaluation  model,  the 
general  DCF  cash  flow  model  (not  the  specific  LMI  and  Westinghouse  versions 
for  IM1P  purposes)  is  easy  to  use  since  this  methodology  is  a  well-known, 
straight-forward  economic  analysis  technique.  Any  difficulty  in  use  arises 
from  all  the  "outside-the-model"  estimations  and  calculations  required  to 
determine  the  capital  investment  required  and  any  resulting  annual  savings,  or 
revenues  over  some  arbitrarily  defined  planning  horizon  of  interest. 

The  specific  DCF  model  subjected  to  the  paper-test  at  LTV/VAP D,  both 
the  LMI  and  Westinghouse  versions,  are  judged  not  very  easy  to  use.  Since  the 
Westinghouse  version  is  company-specific,  the  LMI  version  is  assumed  to  be  the 
DoD  standard.  This  being  the  case,  then  the  "standard"  DCF  model  is  judged 
very  difficult  to  use,  primarily  because  the  available  User's  Manual  is 
incomplete  and  sparse  in  the  information  supplied. 

Additionally,  the  LMI  version  of  the  DCF  model  has  specific  deficiencies,  as 
detailed  in  Section  VII  of  this  Final  Report  by  both  the  LTV/VAPD  and  the 
Westinghouse  paper-test  of  the  model.  It  is  noted  here  that  the  Westinghouse 
version  of  the  DCF  model  overcomes  several  of  the  LMI  version's  deficiencies. 

06.  ABILITY  OF  MODEL  TO  SATISFY  OVERALL  PROJECT  GOAL 

CDEF:  There  is  some  disagreement  as  to  whether  the  Price  Waterhouse 
model  is  sufficient  to  satisfy  the  overall  project  goal.  Price  Waterhouse 
believes  it  is.  Westinghouse  believes  it  is  not.  LTV/VAPD  believes  it  would 
need  to  be  integrated  with  other  models  to  do  so.  This  model  is  not  now 
necessary  at  LTV/VAPD. 

MFPMM:  The  MFPMM  version  used  by  LTV/VAPD  would  not  by  itself  be 
sufficient  to  satisfy  the  overall  project  goal.  Without  macro  incentives,  one 
would  require  MFPMM  +  a  DCF  model  +  a  CBT  model  at  the  program  or  project 
level.  This  model  is  presently  not  necessary. 
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DCF(LMI):  The  discounted  cash  flow  model  again  caused  some 

disagreement  among  project  team  members.  Westinghouse  believes  it  is 
sufficient.  Price  Waterhouse  believes  the  model  is  insufficient.  LTV/VAPD 
believes  the  model  is  insufficient.  The  VPC  believes  the  model  is 
insufficient.  The  model  is  presently  necessary. 

08.  RECOMMEND  (NOT  DEVELOP)  MODIFICATIONS.  IF  ANY,  TO  MODELS 

CDEF: 

Discussions  with  LTV  personnel  indicate  the  following  recommenda¬ 
tions  : 

•  Make  easier  to  use  -  Develop  a  brief  manual  which  described  the 
generic  steps  required  to  implement  CDEF  (assuming  no  productivity 
measurement  system  is  in  place) . 

•  Make  easier  to  control  -  Develop  a  training  course  for  users  of 
CDEF. 

•  Make  easier  to  administer  -  Provide  user-oriented  documentation  and 
demonstrations  for  the  CDEF  software  module,  ACBG. 

•  Make  easier  to  obtain  descriptive  information  -  Provide  actual 
examples  of  the  costs  required  from  the  general  ledger. 

•  Make  easier  to  use  in  incentives /rewards  applications  -  Document  the 
flow  of  the  information  process  from  data  collection  to  calculation 
of  shared  savings. 

MFPMM: 

•  Develop  improved  output  for  various  audiences. 

•  Develop  an  improved  tutorial  for  various  audiences  with  which  to 
explain  the  model. 

•  Develop  a  solution  to  capacity  utilization  vs.  efficiency  issue. 

•  Continue  to  investigate  improved  accuracy  and  quality  of  inflation 
factors,  indexing  factors,  etc. 

•  Develop  better  and  more  accepted  linkage  to  incentive  mechanisms. 

•  Develop  macro  gainsharing  from  government  to  contractor. 

•  Improve  simulation  and  forecasting  routines  for  model. 
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DCF(LMI) : 


•  Develop  software  modifications  which  would:* 

1)  Permit  different  classes  of  investment,  for  depreciation 
expense  calculation  purposes. 

2)  Require  the  contractor  to  separate  the  benefits  accruing  to 
an  IMIP  project  into  government  vs.  commercial  proportions. 

3)  Accurately  reflect  the  lost  profits  incurred  by  a  contractor 
due  to  additional  depreciation  expenses  caused  by  an  IMIP 
project. 

4)  Recognize  that  a  contractor's  initial  start-up  project 
expenses  are  unreimbursable  costs. 

5)  Compute  a  DoD/Government  rate  of  return  due  to  an  IMIP 
project. 

6)  Perform  a  larger  number  of  internal  calculations  such  as 
"profit  effect"  and  "productivity  savings  reward". 

•  Develop  a  User's  Manual  which  not  only  explains  the  software  (as 
corrected  above)  but  also  provides  a  detailed  set  of  procedures  for 
submitting  and  executing  an  IMIP  project  proposal. 

•  In  Section  VII  of  this  Final  Report,  see  Westinghouse' s  comparison 
of  the  LMI  vs .  Westinghouse  versions,  and  the  LTV/VAPD  paper-test  of 
both  versions. 

09.  RECOMMEND  WHETHER  OR  NOT  TO  CONDUCT  A  FIELD  TEST 
We  believe  there  is  a  need  for  a  more  systematic  and  disciplined 
productivity  management  effort  in  the  defense  industry.  Improved  measurement 
and  evaluation  systems  must  play  a  key  role  in  this  effort.  Measurement  and 
evaluation  is  complex  in  this  industry  and  no  single  model  will  suffice.  Each 
of  the  three  models  tested  in  this  study  can,  and  have,  played  a  significant 
role  in  productivity  management  efforts  within  the  industry.  We  believe 
further  development  of  the  three  models  is  therefore  necessary.  Perhaps  more 
importantly,  a  generic  methodology  for  productivity  management  efforts  w'.thin 
the  industry  needs  to  be  further  developed  and  communicated.  The  role  that 


143 


these  three  models,  and  others,  play  in  that  methodology  needs  to  be 
understood  by  a  broader  audience  within  the  industry  if  any  real  impact  is  to 
be  made. 

There  is  a  reasonable  consensus  among  the  research  team  as  to  how  to 
proceed  during  Phases  IV  and  V  of  the  overall  study.  It  has  been  agreed  that 
proceeding  with  a  field  test  for  the  CDEF  model,  as  outlined  in  the  original 
proposal ,  is  not  economically  feasible  without  significantly  reducing  the 
scope  of  the  application.  Since  LTV  is  developing  their  own  version  of  the 
DCF/SSA  model,  field  testing  that  model,  per  se,  does  not  make  sense.  The 
MFPMM  would  stand  to  benefit  most  from  a  field  test  as  outlined  in  the 
proposal. 

The  general  recommendation  regarding  a  continuation  of  the  research  is  to 
combine  Phases  IV  &  V  into  a  single,  18  month  project,  which  would  develop  and 
test  a  comprehensive  productivity  management  implementation  guide.  The  effort 
would  focus  on  resolving  specific  developmental  needs  of  the  three  models  via 
a  modified,  scaled-down  field  test  at  LTV/VAPD.  We  would  additionally,  "field 
test"  the  methodology,  and  the  models,  with  representative  defense  contractors 
in  an  intensive  workshop  setting.  A  detailed  analysis  of  responses  from 
sampled  contractors  would  be  made  to  assess  points  of  resistance  and 
implementation  barriers.  A  draft  implementation  guide  would  be  reviewed 
during  these  workshops  to  ascertain  the  level  of  industry 
resistance/acceptance.  A  final  implementation  guide  would  benefit  from 
expanded  exposure  to  other  contractors  beyond  LTV/VAPD  and  our  industrial 
advisors.  The  models  and  methodology  would  benefit  from  continued  detailed 
analysis  and  development  with  LTV/VAPD  to  the  extent  necessary. 
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General  Recommendations  and  Conclusions 


Introduction 

It  is  fundamental  that  the  U.S.  Government  wishes  to  acquire 
defense-related  products  and  systems  which  have,  for  example,  maximum 
quality  (as  measured  by  accuracy,  reliability,  etc.),  minimum  cost,  and 
minimum  procurement  time  (from  design  to  production  to  delivery).  In  a 
competitive  environment,  contractors  must  strive  to  meet  these 
governmental  objectives  but  also  must  meet  company  objectives  of  reduced 
costs,  increased  profits,  etc.  if  the  company  is  to  survive  and  grow  in 
both  the  short  and  long-term.  Certain  governmental  and  contractor 
objectives  can  be  in  conflict  and  thus,  government  to  contractor 
incentive  (gain-sharing)  methodologies  such  as  IMIP  are  viewed  as  a  way 
to  eliminate,  or  at  least  substantially  reduce,  such  conflicts  of 
interest. 

Conclusions 

An  overall  conclusion  from  this  Phase  III  study  is  that  contractors 
need  to  Institute,  promote,  and  maintain  a  broad-scope,  effective 
productivity  management  methodology  which  would  represent  a  "Grand 
Strategy"  for  their  business  unit(s).  This  methodology  should  encompass 
the  productivity  elements  of  planning,  measurement,  evaluation,  control, 
and  improvement.  A  related  conclusion  is  that  the  Vought  Aero  Products 
Division  of  the  LTV  Aerospace  and  Defense  Company  has  developed, 
instituted,  promoted,  and  is  maintaining  such  an  integrated  productivity 
management  methodology  (development  is  of  course  a  continuing  process). 

From  the  viewpoints  of  (1)  an  integrated  productivity  management 
methodology,  and  (2)  the  accomplishment  of  all  the  performance 
Improvement  goals  of  the  government  and  contractors,  none  of  the  three 
models  which  were  "paper-tested”  will  individually  achieve  these 


viewpoints.  However,  these  three  models  can  be  combined  into  an 
effective  productivity  management  methodology.  Individually,  each  of  the 
models  are  relatively  new  and  have  current  developmental  problems  which 
need  to  be,  and  are  being,  worked  on. 

The  MFPMM  must  be  modified  rather  significantly  to  function  in  the 
defense  industry  environment.  LTV  has  successfully  made  this  conversion 
and  have  found  the  model  useful  as  an  integral  component  of  their 
productivity  management  methodology.  (Some  development  issues  associated 
with  the  model  still  need  to  be  resolved).  However,  of  the  three  models 
tested,  only  the  MFPMM  actually  measures  input-output  productivity.  A 
possible  exception  to  this  statement  is  that  the  DCF/SSA  model  is  a 
productivity  measure  in  that  it  is  an  aggregate,  end-result  profitability 
measure  (capital  investment  input  with  annual  savings  output). 

The  DCF/SSA  model  is  primarily  an  analysis  tool  designed  to  help 
management  and  the  government  evaluate  the  merits  of  selected 
productivity  improvement  projects.  It  is  best  described  as  an  analysis 
and  decision-making  tool  for  planning  and  forecasting  purposes.  However, 
there  are  major  deficiencies  in  the  software  developed  by  the  Logistics 
Management  Institute  for  model  implementation  (e.g.,  see  subsection 
VII. D. 2  -Volume  II  of  the  Final  Report).  Neither  does  a  User's  Manual 
exist  for  the  software. 

The  Price  Waterhouse  model  (CDEF)  performs  well  against  the 
objectives  and  criteria  for  which  it  was  designed.  The  node-tree 
activity  structure  (IDEF  analysis)  can  differ  significantly  from  a 
company's  organizational  structure  and,  depending  upon  the  complexity  of 
the  organization,  may  require  varying  amounts  of  effort  to  develop.  It 
is  noted,  however,  that  the  IMIP  Guide  5000-XX.G 
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required  chat  an  IDEF-type  analysis  be  performed  by  a  contractor.  The 
CDEF  methodology  has  been  successful  with  certain  companies. 

Nevertheless,  LTV  has  perceived  the  cost  to  implement  the  complete 
methodology  to  be  high,  relative  to  alternative  approaches,  such  as  the 
development  of  separate  cost  center  accounting  for  each  Modernization 
Improvement  Project  (MIP). 

Aside  from  the  evaluation  of  the  three  models  as  productivity 
measurement  and  evaluation  tools,  the  research  team  considered  some 
general  aspects  of  the  IMIP  program  and  its  related  guidelines.  The 
significant  conclusions  from  this  consideration  are  as  follows: 

1)  IMIP  guidelines  do  not  provide  enough  clarity  of  direction  to  the 

contractor  for  the  submission  and  justification  of  a 

Manufacturing  Efficiency  Project  (MEP).  LTV  has  detailed  their 
specific  concerns  in  Subsection  VII. D. -Volume  II  of  this  Final 
Report . 

2)  The  impact  of  an  IMIP  project  on  the  aggregate  costing  rates 
which  a  contractor  uses  for  government  pricing  purposes  may  not 
be  clearly  understood  by  either  the  contractor  or  the  government. 
This  issue  is  a  particular  concern  of  Westinghouse  and  suggests 
further  study  on  this  issue  is  warranted. 

3)  Variances  in  operating  systems,  management  styles,  pressures  and 
priorities,  perceived  problems  and  opportunities,  and 
skilled/competent  productivity  management  personnel  will  very 
likely  make  it  difficult  to  translate  and  transfer  models  and 
methodologies  from  one  company  to  the  next.  The  issue/problem  of 
translation  and  effective  transfer  needs  to  be  thought  through 
very  carefully. 
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The  final  conclusion  of  Che  research  team  concerns  Che  fucure  Phases 


IV  and  V  of  Che  overall  scudy.  Ic  has  been  agreed  among  Che  research 
Ceam  ChaC  proceeding  wich  a  field  CesC  for  Che  CDEF  model,  as  ouc lined  in 
Che  original  proposal,  is  noC  economically  feasible.  However,  ac  a 
signif icancly  reduced  scope  of  applicacion,  field  Cescing  of  Che  CDEF 
model  is  warranCed.  Since  LTV,  as  well  as  ochers ,  has  developed  (or  is 
developing)  cheir  own  version  of  Che  DCF/SSA  model,  field  Cescing  of  Che 
LMI  version  of  che  model  is  noC  necessary.  However,  based  on  knowledge 
gained  during  che  Phase  III  study,  some  further  investigation/analysis  of 
Che  DCF/SSA  model  is  warranted.  Since  LTV  is  currently  using  a  modified 
version  of  Che  MFPMM,  for  macro  productivity  measurement,  this  model  is 
also  judged  an  appropriate  model  for  further  field-testing,  particularly 
in  regards  Co  macro  incentive  methodology. 

In  summary,  each  of  Che  three  models  cested  in  this  Phase  III  scudy 
can,  and  have,  played  a  significant  role  in  productivity  management 
efforts  within  the  defense  industry.  It  is  therefore  believed  that 
further  development  of  the  three  models  is  necessary.  Perhaps  more 
importantly,  a  generic  methodology  for  productivity  management  efforts 
within  the  industry  needs  to  be  furtier  developed  and  communicated.  The 
role  that  these  three  models  play  in  that  methodology  needs  to  be 
understood  by  a  broader  audience  within  the  industry  if  any  real  impact 
is  to  be  made. 

Recommendat ions 

The  primary  recommendation  to  be  made  concerns  the  continuation  of 
the  research  in  Riases  IV,  V  of  the  overall  study.  It  is  the  research 
team's  recommendation  that  these  two  phases  be  combined  into  a  single, 
eighteen-month  project  which  would  conduct  a  modified  field  test  of  the 
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models  end  develop  s  productivity  management  Implementation  Guide.  The 
e£fort  would  focus  on  resolving  specific  development  needs  of  the  three 
models  via  a  modified,  scaled-down  field  test  at  LTV/VAPD.  Additionally, 
the  methodology  and  the  models  would  be  field-tested  with  other  defense 
contractors  in  an  intensive  workshop  setting.  A  detailed  analysis  of 
responses  from  sampled  contractors  would  be  made  to  assess  points  of 
resistance  and  implementation  barriers.  A  draft  implementation  guide 
would  be  reviewed  during  these  workshops  to  ascertain  the  level  of 
industry  resistance/acceptance.  A  final  implementation  guide  would 
benefit  from  expanded  exposure  to  other- contractors  beyond  LTV/VAPD  and 
our  industrial  advisors.  The  models  and  methodology  would  benefit  from 
continued  detailed  analysis  and  development  with  LTV/VAPD  to  the  extent 
necessary. 

The  development  of  the  Implementation  Guide,  as  discussed  above, 
should  accomplish  the  following  specific  recommendations: 

1)  Modify  the  Multi-Factor  Productivity  Measurement  Model  to  more 
appropriately  reflect  the  defense  contractor/government 
environment . 

2)  Survey,  through  a  designed  workshop  environment,  a 

representative  cross-section  of  defense  contractors  to  determine 
the  viability  of  instituting  a  productivity  planning, 
measurement,  evaluation,  control,  and  improvement  methodology. 
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Finally,  Che  recommendaC ions  Co  follow  are  considered 
outside-che-scope  of  Che  combined  Phases  IV  and  V  project  discussed 
above : 

a)  The  IMI  software  version  of  Che  DCF/SSA  model  should  be  modified 
Co  correcC  Che  deficiencies  noCed  in  Seccion  VII,  Volume  II  of 
Chis  Final  Report.  Further,  a  more  comprehensive  User's  Manual 
should  be  developed  Co  accompany  Che  sofcware  wich  an  IMIP 
projecC  fully  illuscraced  in  Che  User's  Manual. 

b)  An  Implemencacion  Guide  needs  Co  be  developed  Co  fully  describe 
Che  meChodology  and  criceria  requiremencs  Co  use  Che  DCF/SSA 
model  for  IMIP  purposes. 

c)  Develop  a  more  definicive  set  of  guidelines  for  submitting  and 
justifying  a  Manufacturing  Efficiency  ProjecC  (MEP) . 

d)  Investigate  and  define  a  more  precise  set  of  specifications 
required  by  DoD  for  cost '-tracking  purposes. 

e)  Develop  a  comprehensive  Creacise  on  Che  impact  of  aggregate  vs. 
project-related  cost  accounting  rates  and  factors  on 
IMIP-related  projects. 
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APPENDIX  A 


Detailed  Description  of  Each  Model 

1.  CDEF 

2.  DCF/SSA 

3.  MFPMM 

4.  LTV  Integrated  Approach 


JlfPENDIX  A.l 


Description  of  Price  Waterhouse  CDEF  Methodology 
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The  relationship  between 
technology  and  cost  management 


Many  manufacturing  compa¬ 
nies,  seeking  to  improve  their 
productivity,  are  turning  to  ad¬ 
vanced  computer-based  tech¬ 
nologies  for  cost  containment  so¬ 
lutions.  As  they  do  this,  the  two 
primary  challenges  faced  are  (1) 
the  justification  and  (2)  the  man- 
agement  of  the  selected 
technology-based  environment. 
They  are  finding  that  productiv¬ 
ity  improvements  are  not  an 
automatic  result  of  the  installa¬ 
tion  of  new  technologies.  They 
are  finding  instead  that  manag¬ 
ing  a  technology-based  manu¬ 
facturing  environment  is  sub¬ 
stantially  different  from 
managing  a  corresponding  labor- 
based  environment 
The  fact  that  many  companies 
have  attained  less  than  the  ex¬ 


pected  results  is  usually  attri¬ 
buted  to  a  number  of  problems, 
including: 

•  Estimated  benefits  and  costs 
are  found  to  be  unrealistic  and 
incomplete.  For  example,  one 
company’s  accountants  forgot  to 
estimate  a  flexible  machining 
system’s  impact  on  maintenance 
costs; 

•  Difficulties  in  quantifying 
and  tracking  costs  and  benefits, 
particularly  as  they  relate  to  the 
economics  of  integration  and  sys¬ 
tem  support  needs;  and 

•  A  lack  of  top  management 
commitment,  as  evidenced  by 
emphasis  on  short-term  fixes  and 
immediate  return  on  in¬ 
vestment,  rather  than  long-term 
goals. 

Companies  which  are  success¬ 


ful  implementing  new  tech¬ 
nologies  and  moving  from  a 
labor-based  to  a  technology 
based  environment,  have  been 
found  to  use  a  structured  master 
plan.  This  type  of  plan  focuses 
attention  on  the  key  variables  or 
“drivers”  which  impact  overall 
cost  and  performance,  i.e.,  key 
success  factors  (KSF).  The  pur¬ 
pose  of  this  series  of  articles  is  to 
analyze  the  fundamental  and  ba¬ 
sic  issues  of  technology  manage¬ 
ment  and  to  describe  an  ap¬ 
proach  which  can  be  used  to 
improve  your  chances  of  success 
in  implementing  manufacturing 
technologies. 

Productivity  and  efficiency 
Manufacturing  excellence  is 
on  the  minds  of  many  contem- 


FIGURE  1. 
Phesel: 

“As  la"  Factory  Analyaia 


TECHNOLOGY  MANAGEMENT  MASTER  PLAN 


•  Organize  project  team  and  work¬ 
plan. 

•  Davetop  "As  la*  factory  modal. 

•  Conduct  naada  analysis  of  axiating 

•  manufacturing  procassas  and  sys- 


•  Conduct  naads  analysis  of  future' 
manufacturing  processes  based 

•  on  company  strategic  plans  and 
^perceived  movements  within  the 

nWn§tpi«Cw» 

•  Prioritize  Improvement  areas. 

e  Prepare  conceptual  *To  Be*  de¬ 
signs  snd  perform  Integration 
analysis. 

•  \Alldate  cost-benefit  analysis  and 
cost-benefit  tracking  techniques. 

•  Establish  Phasa  ll/lll  strategy, 
e  Document  project  economics. 

e  Obtain  management  approval  to 
proceed  with  Phase  II. 


Phase  II: 

Detailed  Design  of 
“To  Be”  Configuration 


e  Complete  detailed  design  snd 
analysis  of  primary  and  support 


•  Conduct  factory  Integration ,  i 

analysis.  I 

•  Prepare  requirements  specifics- 

Mon.  ‘  '*  •  •  •%  ;  .**’ 

e  Issue  RFP  snd  evaluate  vendor  of- 


i  \i'i- 
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e  Prototype  and  demonstrate  tech- 
notogyfa).  '1  V-. 

•  Finalize  design  and  «endor  selec¬ 
tion. 

e  Pten  Phsse  III  implementation. 

•  Re-validate  cost-benefit  analysis 
and  tracking. 

•  Obtain  managament  approval  to 
proceed  with  Phase  III. 


Phase  III: 

Implementation  end 
Follow-Up  Verification 


■  ‘t 

•  Complete  Implementation  prera- 
.■quisltas  and  detailed  work  tasks. 

•  Develop  training  program. 

,  •  Install  hardware  and  software. 

"•  Establish  appropriate  physical  and 
v  system  control  polnta. 

•  Conduct  phased  Implementation. 

•  Enact  required  organizational  and 

•  administrative  changas. 

;•  Conduct  milestona  post-lmple- 

•  mentation  review. 

•  Maintain  technology  master  plan. 
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porary  executives.  Beyond  prod¬ 
uct  quality  and  customer  service 
considerations,  manufacturing 
excellence  is  dependent  upon  the 
effective  selection  and  manage¬ 
ment  of  the  production  re¬ 
sources.  Productivity  and  effi¬ 
ciency  are  now  watchwords  of 
every  manufacturing  company. 

Productivity  generally  is  in¬ 
creased  by  producing  a  greater 
volume  of  outputs  from  an  un¬ 
changed  volume  of  inputs.  Effi¬ 
ciency  is  increase**  by  producing 
the  same  output  using  less  input 
Continually  generating  produc¬ 
tivity  and  efficiency  im¬ 
provements  is  therefore  the  key 
ingredient  of  manufacturing  ex¬ 
cellence.  Thus,  to  attain  excel¬ 
lence,  many  manufacturing  com¬ 
panies  are  increasing  their 
interest  in  the  introduction  of 
new  technologies  to  improve 
cost  schedule  and  quality  man¬ 
agement  For  this  reason,  tech¬ 
nology,  management  is  a  critical 
strategic  issue  in  most  modem 
manufacturing  companies. 

The  reason  for  introducing  a 
new  technology  is  to  substitute 


one  cost  factor  of  production  for 
another  for  example,  installing  a 
robot  to  replace  a  manual  oper¬ 
ation.  In  addition  to  favorable 
cost  considerations  with  this  sub¬ 
stitution,  management  must  be 
assured  of  equal  or  improved  lev¬ 
els  of  quality  and  throughput 

As  simple  as  this  concept  may 
seem,  it  brings  most  managers 
face-to-face  with  three  poten¬ 
tially  significant  issues  which,  if 
not  properly  resolved,  can  deter 
the  successful  implementation  of 
the  technologies: 

1.  What  improvement  oppor¬ 
tunities  will  provide  the  greatest 
potential  benefit?  Which  area 
should  I  invest  in  first? 

2.  How  do  I  quantify  the  antici¬ 
pated  benefits  and  track  the  ac¬ 
tual  benefits? 

3.  What  are  the  supporting 
management  system  require¬ 
ments? 

Why  cost  management 
is  important 

Conducting  a  technology  im¬ 
provement  study  is  a  significant 
and  demanding  task.  The  current 


nature  of  the  manufacturing  en¬ 
vironment  introduces  a  number 
of  new  constraints  on  the  ability 
of  traditional  cost  accounting 
systems  to  quantify  and  track  in¬ 
creased  productivity  resulting 
from  technology  improvements. 
These  constraints  are: 

•  Product  life  cycles  are  be¬ 
coming  shorter  while  the  rate  of 
engineering  changes  increases. 

•  Production  processes  arc  be¬ 
coming  less  reliant  on  direct  la¬ 
bor  as  the  primary  factor  in  pro¬ 
duction  control. 

•  The  introduction  of  new 
technologies  rarely  replaces  ex¬ 
isting  methods  on  a  one-for-one 
basis. 

All  of  these  factors,  and  more, 
contribute  to  the  difficulty  in  es¬ 
tablishing  a  fixed  baseline  from 
which  to  measure  costs  and  pro¬ 
ductivity. 

In  order  for  technology  im¬ 
provement  programs  to  be  suc¬ 
cessful,  a  comprehensive  and 
structured  approach  is  required. 
Equally  important  is  the  need  for 
effective  cost  management  meth¬ 
odologies  (or  tools)  to: 


•  Identify  those  functional 
manufacturing  areas  which  rep¬ 
resent  the  greatest  potential  for 
cost  and  productivity  im¬ 
provements; 

•  Analyze  those  cost-behavior 
patterns  and  productivity  “driv¬ 
ers”  which  have  a  significant  im- 
pact'on  cost;  and 

•  Quantify  and  track  produc¬ 
tivity  improvement  mea¬ 
surements. 

Expanding  the 

focus  of  cost  management 

Traditionally,  cost  accounting 
has  been  associated  with  the  ac¬ 
cumulation  of  historical  data  on 
material,  labor  and  related  over¬ 
head  costs  for  valuing  inventory 
and  costs  of  goods  sold.  The  vari¬ 
ances  that  are  developed  are  usu¬ 
ally  financial  and  rarely  show 
operational  productivity  trends 
(i.e.,  planned  to  actual  variances 
of  the  key  success  factors  of  the 
manufacturing  function).  Cost 
accounting  has  often  been  left  to 
the  accountants  as  a  historical 
record  keeping  system.  It  gene¬ 
rally  has  not  been  an  integrated 
and  dynamic  part  of  the  oper¬ 
ational  management  planning, 
control  and  measurement  pro¬ 
cess. 

To  be  effective,  cost  manage¬ 
ment  should  be  the  primary  ba¬ 
rometer  of  the  effectiveness  and 
efficiency  of  the  various  oper¬ 
ating  functions  of  a  company. 
Many  managers  have  expressed  a 
desire  for  comprehensive  mea¬ 
sures  of  productivity  and  im¬ 
proved  cost  management  sys¬ 
tems  as  a  basis  for  awareness  and 
action.  Recently,  several  specific 
needs  have  caused  managers  to 
turn  their  attention  to  the  area  of 
expanded  cost  management,  in¬ 
cluding  the  need  for 

•  More  timely  knowledge  of 
actual  product  costs.  In  many 
cases,  this  may  require  that  con¬ 
trollable  costs  be  separated  from 
those  which  are  relatively  fixed 
over  a  fairly  broad  range  of  pro¬ 
duction  volumes.  This  informa¬ 
tion  can  help  managers  perform 


“basic”  tasks  such  as:  make- 
versus-buy  decisions;  timely 
identification  of  variances  at  the 
operational  level  so  that  cor¬ 
rective  actions  can  be  taken;  and, 
determining  if  least-cost  manu¬ 
facturing  processes  are  currently 
being  used. 

•  Better  knowledge  of  individ¬ 
ual  product  costs.  This  is  a  strate¬ 
gic  matter  that  companies  must 
address  to  maintain  their  com¬ 
petitive  position,  particularly  as 
it  relates  to  product-line  manage¬ 
ment  and  product  pricing. 

•  Improved  identification,  jus¬ 
tification.  development  and  im¬ 
plementation  of  new  technology 
applications  to  better  plan  and 
control  costs,  schedules  and  qual- 
ity.  Traditional  project  manage¬ 
ment  techniques  are  not  always 
satisfactory  for 

1.  Needs  analysis  (i.e.,  select¬ 
ing  those  alternatives  which  rep¬ 
resent  the  greatest  potential  ben¬ 
efit; 

2.  Cost-benefit  analysis,  which 
identifies  all  critical  manu¬ 
facturing  elements  (functions 
and  activities)  and  their  cost  and 
benefit  considerations; 

3.  Formal  risk  management 
(i.e., maximizing  the  anticipated 
benefits);  and 


It  (cost 
accounting) 
generally  has  not 
been  an 
integrated  aid 
dynamic  part  of 
the  operational 
management 
planning,  control 
and 

measurement 

process. 


4.  Tracking  resulting  costs  and 
benefits. 

It  is  this  last  aspect  of  im¬ 
proved  cost  management  which 
strikes  at  the  heart  of  technology 
management.  The  development 
of  a  truly  effective  technology 
management  program  depends 
on  a  sound  approach  to  cost 
management  which  is  integrated 
within  the  framework  and  strat¬ 
egy  of  the  overall  manufacturing 
effort  These  three  articles  are  in¬ 
tended  to  articulate  the  im¬ 
portance  of  cost  information  to 
define  performance,  set  prior¬ 
ities,  and  provide  the  means  to 
establish  specific  design  objec¬ 
tives  and  manage  performance 
for  the  new  technology-based  en¬ 
vironment. 

State-of-the-art  thinking 

Rising  concern  over  such  prob¬ 
lems  as  declining  productivity, 
increased  competition,  and  po¬ 
tentially  obsolete  capacity  has 
encouraged  the  introduction  of 
factory  of  future  concepts  such  as 
robotics,  automated  material 
handling,  computer-assisted  de¬ 
sign,  etc.  Those  companies  which 
desire  to  remain  successful  must 
use  state-of-the-art  planning,  as 
well  as  state-of-the-art  manu¬ 
facturing  technologies.  Pro¬ 
ceeding  without  a  technology 
master  plan  can  be  a  fatal  mis¬ 
take. 

From  the  outset  of  technology 
improvement,  there  should  be  a 
recognized  need  for  a  plan  that 
will  provide  guidance  that  is 
consistent  with  company  goals 
and  objectives.  In  order  to  assure 
a  strategic  and  systematic  ap¬ 
proach,  the  following  concepts 
should  be  part  of  the  overall 
planning  and  technology- 
improvement  effort: 

•  Preparation  of  a  master  plan 
which  encompasses  considerably 
more  from  a  strategic  perspective 
than  just  “making  the  lathe  turn 
faster,” 

•  Preparation  of  a  master  plan 
which  recognizes  the  importance 
of  conducting  a  formal  needs 
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One  of  the  Big  Eight  firms  in 
the  accounting  establishment. 

Price  Waterhouse  has  87  of* 
fices  and  employs  more  than 
7,000  people  in  the  U.S.  The 
company  offers  a  complete 
range  of  services:  auditing,  ac¬ 
counting,  tax  and  Manage¬ 
ment  Advisory  Services 
(MAS).  MAS  includes  disci¬ 
plines  such  as: 

•  Organizational  manage¬ 
ment, 

•  Financial  and  budgetary 
planning  and  control, 

•  Manufacturing  and  oper¬ 
ations  management, 

•  Electrical  data  processing 
and  programming, 

•  Management  informa¬ 
tion  and  control  systems, 

•  Operations  research, 

•  Management  sciences, 
and  industrial  engineering, 
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standing  of  the  strategic  im¬ 
portance  of  the  work  effort. 

The  commitment  to  bring  all 
the  necessary  skills  and  experi¬ 
ence  to  the  project  may  represent 
a  change  in  philosophy  from 
prior  project  management  ef¬ 
forts.  The  implications  of  this  are 
four-fold. 

First,  it  is  a  recognition  of  the 
importance  of  the  project  by  re¬ 
jecting  the  notion  that  a  person  is 
too  valuable  to  be  assigned  to  it 
(i.e.,  the  best  people  are  assigned 
to  the  project  if  it  is  a  truly  im¬ 
portant  project). 

Second,  it  may  represent  the 
realistic  assessment  that  the 
company  presently  lacks  the  re¬ 
sources,  technical  expertise  and 
prior  experience  necessary  to 
achieve  the  desired  results  (i.e., 
the  need  to  use  external  assist¬ 
ance). 

Third,  by  accepting  a  different 
approach  from  prior  efforts, 
there  is  a  rejection  of  the  attitude 
that  the  company  is  different 
from  others  which  have  been  suc¬ 
cessful. 

Finally,  it  may  be  necessary  to 
also  seek  outside  assistance  to  en¬ 
sure  objectivity,  as  well  as  the  use 
of  practical  and  proven  project 
management  tools  and  mech¬ 
anisms  so  as  to  produce  timely 
and  cost-effective  results. 

The  decision  to  hire  special¬ 
ized  skills  or  to  use  outside  assist¬ 
ance  should  be  viewed  as  man¬ 
agement’s  commitment  to  the 
importance  of  the  solution, 
rather  than  with  skepticism  or  as 
a  political  move.  Likewise,  al¬ 
though  some  companies  have  es¬ 
tablished  a  multi-disciplined 
team  responsible  for  these  pro¬ 
grams,  the  availability  of  these  re¬ 
sources  does  not  mitigate  the 
need  for  direct  involvement  by 
the  operations  or  departments 
who  will  use  the  solution.  Many 
successful  companies  have  used 
specialists  to  provide  “technol¬ 
ogy  transfer’’  in  terms  of  edu¬ 
cation  and  training  in  the  use  of 
project  management  tools;  but 
the  ultimate  success  of  any  tech¬ 
nology  improvement  project  de¬ 


pends  on  the  level  of  commit¬ 
ment  made  to  it  by  its  users. 

The  third  step: 
a  better  mousetrap 

The  final  key  ingredient  for 
success  in  technology  manage¬ 
ment  is  a  cost-benefit  analysis 
and  tracking  methodology  which 
addresses  key  success  factors, 
provides  integrated  and  compre¬ 
hensive  measures  of  perform¬ 
ance,  and  focuses  on  “cost  driv¬ 
ers.”  The  key  success  factors 
approach  is  a  technique  for  inte¬ 
grating  the  factors  of  the  “As  Is” 
and  “To  Be”  cost  baselines  with 
the  strategic  business  plan. 

The  use  of  this  technique  will 
enable  the  project  team  to  evalu¬ 
ate  the  current  mix  of  resources 
(the  “As  Is”  cost  baselines)  in  a 
manner  consistent  with  top  man¬ 
agement’s  view  of  the  future  (the 
“To  Be"  cost  baseline).  For  exam¬ 
ple,  this  approach  can  be  used  to 
emphasize  operations  which  are 
energy  intensive,  use  a  strategi¬ 
cally  scarce  material,  or  are  rot 
suitable  for  meeting  future  mar¬ 
ket  and  product  requirements. 

A  comprehensive  manu¬ 
facturing  cost  and  productivity 
model  also  needs  to  be  developed 
in  order  to  define  the  “As  Is”  and 
“To  Be"  operating  baseline  for 
each  functional  area  to  be  im¬ 
proved.  This  model  should  in¬ 
clude  specific  dimensions  of  per¬ 
formance,  define  all  relevant  cost 
elements,  and  identify  those  in¬ 
dependent  variables  or  “drivers” 
which  directly  impact  cost. 

The  term  “cost  driver”  is  an 
important  concept  which  needs 
to  lie  addressed  throughout  the 
entire  technology  improvement 
program.  In  many  cases,  users 
manage  the  variables  of  produc¬ 
tion  which  impact  costs,  rather 
than  directly  managing  the  cost 
elements  themselves.  For  exam¬ 
ple,  lead  time  is  a  cost  driver  of 
work-in-process  inventory  carry¬ 
ing  costs;  machine  speed  and 
throughput  efficiency  are  drivers 
which  affect  production  costs; 
and  so  on.  The  identification  of 
cost  behavior  patterns  (such  as 


high  scrap/rework)  and  the  “driv¬ 
ers”  which  impact  those  cost- 
behavior  patterns  will  provide 
specific  objectives  for  the  con¬ 
ceptual  design  activity.  It  is  the 
identification  of  cost-behavior 
patterns  and  “drivers”  which  rep¬ 
resent  the  essence  of  the  needs 
analysis  process.  This  ingredient 
for  success  will  be  described  fur¬ 
ther  in  the  next  two  articles. 

Potential  benefits 

Based  upon  many  successful 
experiences  relating  to  integrat¬ 
ing  cost  management  within  the 
technology  management  pro¬ 
cess,  companies  which  imple¬ 
ment  the  concepts  and  strategy 
described  should  herein  receive 
the  following  benefits: 

*•  Increased  recognition  of  sig- 
nificant  product  cost 
containment/reduction  oppor¬ 
tunities; 

•  More  effective  analysis  and 
monitoring  of  the  costs  and  bene¬ 
fits  of  technology  improvement 
projects; 

•  Technology  improvement 
solutions  which  focus  on  the  key 
success  factors  and  cost  “drivers” 
of  the  manufacturing  function(s), 
and  address  the  overall  goals  of 
the  company;  and 

•  Improved  control  over  man¬ 
ageable  production  costs. 

Conclusion 

A  number  of  companies  have 
adopted  the  improved  approach 
to  technology  management  as 
suggested  by  this  article.  In  par¬ 
ticular,  many  aerospace  defense 
contractors  have  applied  these 
concepts  to  a  wide  range  of  man¬ 
ufacturing  environments  and  are 
now  realizing  some  of  the  poten¬ 
tial  benefits. 

The  many  challenges  facing 
American  companies  today  indi¬ 
cate  that  technology  manage¬ 
ment  is  a  critical  strategic  issue. 
Those  companies  which  fail  to 
focus  on  the  demands  and  oppor¬ 
tunities  presented  by  technology 
improvement  are  risking  their 
continued  profitability  and  long¬ 
term  survival.  BSi 
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Improving  technology 
cost-benefit  analysis 


By  Lawrence  T.  Michaels,  William  T.  Muir  and  Robert  G.  Eiler 

Price  Waterhouse 


Manufacturing  excellence  is  de¬ 
pendent  on  the'effective  selection 
and  management  of  production 
resources.  Companies  seeking  to 
increase  productivity  through 
factory  automation  are  presented 
with  two  major  challenges:  the 
justification  and  the  manage¬ 
ment  of  a  technology-based  envi¬ 
ronment 

In  order  to  address  these  chal¬ 
lenges,  many  corporate  manage¬ 
ments  are  taking  a  hard  look  at 
their  cost  management  systems. 
These  managers  are  concluding 
that  their  cost  accounting  and 
performance  measurement  prac¬ 
tices  are  inadequate.  They  are  re¬ 
alizing  that  direct-labor-based 
cost  accounting  systems  and  tra¬ 
ditional  financial  techniques  are 
not  adequate  tools  to  quantify 
and  track  productivity  im¬ 
provements  for  advanced  manu¬ 
facturing  technologies. 

Successful  companies  need  to 
use  state-of-the-art  thinking  as 
well  as  state-of-the-art  technol¬ 
ogy.  The  first  article  in  this  series 
described  three  success  factors 
for  sound  technology  manage¬ 
ment: 

•  Developing  a  realistic  and 
proper  master  plan  to  guide  the 


overall  technology  modern¬ 
ization  work  effort; 

•  Bringing  the  right  people 
and  skills  to  the  project  team;  and 

•  Using  effective  cost-benefit 
analysis  and  tracking  techniques. 

We  have  observed  that  tech¬ 
nology  management  “winners" 
are  using  expanded  cost  manage¬ 
ment  concepts.  The  benefits  re¬ 
sulting  from  this  are: 

(1)  identifying  those  areas 
which  offer  the  greatest  im¬ 
provement  potential; 

(2)  Improving  the  cost  justifi¬ 
cation  process;  and 

(3)  Defining  better  measures  of 
performance  to  manage  the  new 
environment. 

The  potential  risks  of  ineffec¬ 
tive  technology  management  are 
more  than  just  declining  rates  of 
productivity  growth.  “Non- 
winners"  run  the  risk  of  declining 
profitability  and  are  jeopardizing 
their  long-term  survival. 

Fundamental  problems 

Several  fundamental  problems 
face  many  manufacturing  com¬ 
panies.  Each  of  these  problems 
points  out  the  need  for  an  im¬ 
proved  approach  to  cost  manage¬ 
ment  which  is  formally  inte¬ 


grated  within  the  technology 
modernization  process.  The  four 
nuuor  problemscan  be  defined  as 
follows: 

Many  cost  accounting  systems 
no  longer  reflect  the  manu¬ 
facturing  process.  In  many  in¬ 
stances,  the  cost  system  was  de¬ 
veloped  years  ago  and  has  not 
evolved  or  kept  pace  with 
changes  in  the  production  envi¬ 
ronment.  Because  of  the  de¬ 
clining  direct  labor  pool,  mea¬ 
sured  direct  labor  may  no  longer 
be  the  appropriate  basis  for  allo¬ 
cating  or  assigning  fixed  indirect 
costs  (overhead)  to  products.  The 
problem  is  worsened  because 
many  systems  ignore  certain  pro¬ 
cess  and  product  costs  — >  such  as 
material  handling  and  the  ex¬ 
penses  associated  with  maintain¬ 
ing  inventory  levels. 

Cost  patterns  have  changed. 
Manufacturing  overhead  con¬ 
tinues  to  grow;  for  many  compa¬ 
nies  it  is  now  400  to  500  percent 
of  direct  labor.  For  this  reason, 
cost  control  efforts  need  to  be  re¬ 
directed  with  added  focus  placed 
on  indirect  costs.  Costs  such  as 
maintenance,  quality  control 
and  material  handling  can  and 
should  be  evaluated  and  con- 


Figure  A:  Manufacturing  Cost  Model 


trolled  on  a  direct  basis.  The  as¬ 
sumption  that  a  reduction  in 
measured  direct  labor  will  pro¬ 
duce  a  corresponding  reduction 
in  indirect  costs  often  has  been 
proved  wrong. 

Direct  labor  is  no  longer  the 
driver  for  production  control.  In 
many  companies,  performance 
measurement  does  not  mirror 
the  production  process.  Tradi¬ 
tional  cost  management  systems 
are  not  well-integrated  with  other 
manufacturing  information  re¬ 
porting.  These  management  sys¬ 
tems  hinder  performance-based 
manufacturing  management. 
This  problem  causes  inadequate 
understanding  of:  (1)  those  vari¬ 
ables  or  drivers  which  impact 
production  cost  and  perfor¬ 
mance  (key  success  factors);  and 
(2)  how  these  driven  aiTect  actual 
costs. 

Traditional  financial  tech¬ 
niques  are  inappropriate  for  tech¬ 
nology  planning.  Payback  and  re¬ 
turn  on  investment  calculations 
only  evaluate  previously  identi¬ 
fied  prelects;  they  do  not  identify 
potential  improvements.  These 
techniques  also  only  assess  fi¬ 
nancial  feasibility  (they  tend  to 
ignore  the  useability  of  the  tech¬ 
nology  —  i.e.,  the  human  facton 
issue). 

As  a  result  of  these  funda¬ 
mental  problems,  many  compa¬ 
nies  are  experiencing  difficulties 
in- 

•  Defining  and  maintaining 
operating  basel  nes  (i.e.,  assess¬ 
ing  the  cost  impact  of  product/ 
production  mix  changer); 

•  Explaining  why  actual  costs 
deviate  from  the  plan  (effective 
variance  analysis);  and 

•  Most  importantly,  devel¬ 
oping  cost  behavior  patterns  to 
define  specific  objectives  and 
provide  focus  to  the  technology 
modernization  effort. 

These  problems  and  resulting 
difficulties  are  causing  corporate 
executives  to  rethink  their  ap¬ 
proach  to  cost  management. 


They  have  expanded  the  focus  of 
Cost  management  and  developed 
improved  cost-benefit  analysis 
procedures.  As  a  result,  their 
com  pan  ies  have  been  able  to  real¬ 
ize  significant  benefits  which 
have  been  promised  by  pro¬ 
ponents  of  technology  mod¬ 
ernization. 

A  success  formula 

Technology  management  win¬ 
ners  have  come  to  learn  that  cost- 
benefit  analysis  is  a  key  work 
task.  There  are  several  reasons 
why  enhanced  cost-benefit  anal¬ 
ysis  is  especially  important. 

First,  there  may  be  confidence 
that  the  technology  works,  but 
uncertainty  regarding  whether 
the  economics  are  right  for  your 
company.  Because  of  prior  fail¬ 
ures  or  limited  success  (in  terms 


of  resulting  savings),  most 
projects  must  be  cost  justified  in 
order  to  obtain  management  ap¬ 
proval  to  proceed. 

Second,  operating  budget  con¬ 
straints  cause  factory  auto¬ 
mation  projects  to  compete  with 
other  requests  for  funds.  For  this 
reason,  there  is  a  critical  need  to 
identify  those  factory  areas 
which  represent  the  greatest  op¬ 
portunity  for  cost  reduction. 
Third,  continued  management 
confidence  and  investment  in 
new  technology  requires  that  all 
costs  and  benefits  be  tracked. 
Successful  projects  are  those 
which  provide  the  anticipated  re¬ 
sults  (i.e.,  reduce  overall  costs). 
Those  projects  which  merely  dis¬ 
place  costs  (substitute  one  ele¬ 
ment  of  cost  for  another)  can 
cause  resistance  towards  further 


investments  in  new  technology. 
The  remainder  of  this  article  will 
describe  a  general  cost-benefit 
approach  which  many  compa¬ 
nies  are  now  using  when  in¬ 
vesting  in  factory  automation. 

Cost-benefit  analysis  work  steps 

•  Step  1:  Develop  a  model  cf all 
factory  Junctions.  Many  compa¬ 
nies  use  segments  of  the  IDEF0 
(Integrated  Computer  Assisted 
Manufacturing  Definition)  mod¬ 
eling  approach  to  document  the 
“As  Is"  factory  environment. 
IDEF0  uses  a  top-down  structure 
to  describe  manufacturing  and 
engineering  work  activities  in 
terms  of  functions.  A  top-down 
structure  for  a  factory  is  similar 
to  a  bill  of  material  diagram  for  a 
product.  This  functional  ap¬ 
proach  offers  two  advantages 
over  a  product/process  view¬ 
point: 

(1)  Because  new  technologies 
rarely  replace  existing  processes 
on  a  one-for-one  basis,  a  func¬ 
tional  viewpoint  enables  similar 


(orclosely  related)  activities  to  be 
analyzed  together;  and 

(2)  A  complete  analysis  of  po¬ 
tential  solutions  requires  that  all 
support  systems,  controls  and  in¬ 
terfaces  be  identified  and  evalu¬ 
ated.  Each  level  of  the  factory 
model  is  further  decomposed 
into  lower  levels  until  the  sub¬ 
function  is  small  enough  to  be 
analyzed. 

The  result  of  this  work  step  is  a 
model  of  the  factory  which  de¬ 
scribes  inputs,  outputs,  controls, 
interfaces  and  mechanisms  (la¬ 
bor,  machines,  etc.)  for  each 
function. 

•  Step  2:  Quantify  manu¬ 
facturing  costs.  The  manu¬ 
facturing  costs  should  next  be 
identified  for  each  function  of  the 
factory  model.  Total  manu¬ 
facturing  costs  include  more  than 
direct  material  and  measured  la¬ 
bor  standards. 

Figure  A  provides  a  high-level 
definition  of  overall  manu¬ 
facturing  costs.  Each  of  the  major 
cost  elements  shown  in  Figure  A 


is  consolidated  or  subdivided 
into  additional  levels  of  detail, 
depending  on  the  magnitude  of 
the  costs.  This  step  is  completed 
a fter  all  costs  have  been  allocated 
to  the  lowest  level  of  the  func¬ 
tional  model.  Care  must  be  taken 
in  allocating  cost  elements  to  the 
detail  levels  of  the  model  in  order 
that  complete  and  accurate  cost 
definitions  can  be  prepared.  That 
is,  a  function’s  cost  should  not  be 
over-  or  understated,  and  the  to¬ 
tal  cost  of  all  functions  should 
equal  overall  manufacturing 
costs. 

The  result  of  this  work  step  is  a 
cost  baseline  which  identifies  the 
costs  for  each  function  in  the  fac¬ 
tory  model. 

•  Step  3:  Develop  criteria  to 
rank/prioritize  factory  functions. 
The  purpose  of  this  work  step  is 
to  develop  a  ranking  criteria  to 
prioritize  the  conceptual  design 
activity.  The  opportunity  for  im¬ 
provement  is  greatest  for  func¬ 
tions  which  have  low  perfor¬ 
mance  and  high  costs.  In  order  to 
complete  this  type  of ranking,  it  is 
first  necessary  to  define  dimen¬ 
sions  of  performance.  The  rank¬ 
ing  criteria  (normally  a  com¬ 
puter-based  model)  should 
identify  these  specific  measures 
of  performance.  As  described  in 
the  previous  article,  the  key  suc¬ 
cess  factor  approach  should  be 
used  to  integrate  the  dimensions 
of  performance  with  the  cost 
baseline  and  strategic  business 
plan.  Examples  of  key  success 
factors  include: 

•  Manufacturing  throughput 
(lead  time), 

•  Machine  utilization, 

•  Direct  labor  productivity, 

•  Ability  to  meet  deadlines, 
and 

•  Quality  (scrap  and  rework 
rates). 

The  result  of  this  work  step  is  a 
way  (formula)  to  rank/pnoritize 
the  improvement  potential  of  the 
factory  functions. 

•  Step  4:  Conduct  an  effec- 
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Figure  B:  Rank/Prioritizing  Improvement  Opportunities 


tiveness  review.  Each  function  is 
next  analyzed  to  determine  how 
effectively  work  is  being  per¬ 
formed.  This  analysis  is  based  on 
the  performance  measures  (or 
key  success  factors)  identified  in 
Step  3.  High  operating  costs 
should  not  be  the  only  criteria  for 
selecting  potential  projects. 
Some  functions  with  high  costs 
may  also  have  high  performance, 
and  therefore  present  little  op¬ 
portunity  for  improvement.  The 
purpose  of  this  step  is  to  define 
“As  Is”  performance  so  that  each 
function’s  improvement  poten¬ 
tial  can  be  judged. 

The  results  of  the  effectiveness 
review  are  then  matched  with  the 
cost  baseline  information,  using 
the  ranking  criteria.  This  will 
produce  a  ranked  listing  of  im¬ 
provement  opportunities  (Figure 
B).  Those  functions  with  high 
cost/low  performance  will  ap¬ 
pear  first  on  the  list  Those  func¬ 
tions  with  either  high  cost/high 
performance  or  low  cost/low  per¬ 
formance  will  be  listed  next  At 
the  bottom  of  the  ranked  listing 
will  be  functions  with  low  cost/ 
high  performance,  because  they 
offer  the  least  opportuni ty  for  im¬ 
provement 

•  Step  5:  Identify  improvement 
alternatives.  Technology-based 
improvement  alternatives  are 
next  screened  (or  combined)  for 
each  high  improvement  potential 


area.  The  cost  behavior  patterns 
(step  2)  and  performance  mea¬ 
sures  (step  4)  should  be  used  to 
guide  the  conceptual  design  ac¬ 
tivity.  Cost  behavior  patterns 
and  performance  measures  pro¬ 
vide  a  specific  set  of  objectives 
for  completing  the  conceptual 
design  activity.  This  approach 
will  ensure  that  the  proposed  so¬ 
lutions  wiil  focus  on  cost 
reduction/containment  oppor¬ 
tunities  and  are  consistent  with 
company  goals. 

The  result  of  this  work  step  is  a 
conceptual  design  of  the  “To  Be” 
function.  The  conceptual  design 
should  describe  the  new  technol¬ 
ogy  in  terms  of  scope,  intended 
use,  and  how  problems  of  the  “As 
Is"  environment  will  be  resolved. 

•  Step  6:  Develop  "To  Be"  cost 
baseline  for  each  improvement  al¬ 
ternative.  Project  development 
and  implementaion  costs  r  *  ex¬ 
pected  benefits  are  next  sl¬ 
oped  for  each  improvement  al¬ 
ternative.  The  documentation  of 
expected  benefits  should  analyze 
each  element  in  the  cost  baseline. 
This  will  result  in  an  estimate  of 
the  “To  Be”  for  each  cost  element 
(functional  cost  changes)  as  well 
as  development  and  imple¬ 
mentation  costs. 

The  results  of  this  work  step  isa 
preliminary  assessment  of  the 
“To  Be”  cost  baseline  and  an  esti¬ 
mate  of  one-time  project  costs. 


•  Step  7:  Analyze  project  risks. 
Many  times,  project  personnel 
will  develop  over-optimistic 
projections  of  potential  benefits. 
This  type  of  projection  is  often 
known  as  the  best-case  scenario. 
Project  risks  must  be  analyzed  to 
ensure  that  potential  benefits  will 
not  be  overstated.  Personnel  in 
departments  involved  in  the 
project  can  be  very  helpful  in  as¬ 
sessing  potential  risks.  Their  in¬ 
volvement  will  also  contribute  to 
project-user  acceptance  and 
sponsorship  of  the  proposed  so¬ 
lution.  Formal  meetings  with  key 
company  personnel  (department 
foremen,  maintenance  super¬ 
intendent,  quality  control  repre¬ 
sentative,  MIS,  cost  accounting, 
etc.)  should  be  held  to  assess  po¬ 
tential  risks.  The  purpose  of  this 
type  of  meeting  is  to  identify  the 
most  sensitive  assumptions 
about  the  "To  Be"  conceptual  de¬ 
sign  and  develop  “worst”,  and 
“expected"  case  scenarios  (Fig¬ 
ure  Q.  A  secondary,  but  equally 
important  objective,  is  to  de¬ 
velop  a  formal  risk  management 
program  —  understanding  of 
“what  could  go  wrong”  and  what 
must  happen  to  maximize  poten¬ 
tial  benefits. 

The  result  of  this  work  step  is  a 
conceptual  design  which  reflects 
potential  risks  and  planned  ac¬ 
tions  to  maximize  results  and 
track  the  expected  benefits. 

•  Step  8:  Prepare  conceptual 
design  cost-benefit  statements. 
Based  on  the  results  of  the  pre¬ 
vious  step,  final  cost-benefit 
analysis  statements  can  be  pre¬ 
pared  for  each  improvement  al¬ 
ternative.  In  some  instances,  it 
will  be  appropriate  to  prepare 
several  cost-benefit  statements  to 
reflect  the  agreed  upon  best/ 
worst/expected  case  scenarios. 
The  specific  data  for  each  cost 
consideration  can  be  summa¬ 
rized  or  detailed,  depending  on 
the  magnitude  of  cost-savings 
and  the  availability  of  informa¬ 
tion. 

It  is  recommended  that  all  key 
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assumptions  regarding  the  cost- 
benefit  analysis  be  documented. 
This  information  is  important 
and  should  be  validated  during 
detailed  design/implementation 
and  benefits  tracking  activities. 
The  validation  of  project  as¬ 
sumptions  will  be  discussed  in 
the  next  article.  The  major  cate¬ 
gories  of  information  which 
should  be  included  in  the  cost- 
benefit  statement  are: 

•  Development  costs, 

•  Implementation  costs  and 
strategy, 

•  “To  Be"  cost  baseline, 

•  Benefits  and  assumptions, 
and 

•  Cost-benefit  tracking  mech¬ 
anisms. 

The  result  of  this  work  step  is  a 
cost-benefit  statement  of  each 
technology  improvement  alter¬ 
native. 

•  Step  9:  Determine  compre¬ 
hensive  time-phased  project  eco¬ 
nomics.  At  this  last  step  of  the 
process,  the  results  are  turned 
over  to  the  accounting  de¬ 
partment.  The  information 
which  was  developed  and  refined 
in  the  previous  steps  is  used  to 
prepare  return  on  investment 
projections  for  each  alternative. 


Depending  on  company  oper¬ 
ating  standards,  this  normally  in¬ 
cludes  a  before-  and  after-tax  as¬ 
sessment  of 

•  Payback  (break  even  point), 

•  Investment  tax  credit  and 
depreciation  schedules, 

•  Savings/investment  ratios, 
and 

•  Return  on  investment 

The  result  of  this  last  work  step 

is  a  return  on  investment  analysis 
for  each  technology  improve¬ 
ment  alternative.  Those  projects 
which  meet  or  exceed  minimum 
return  requirements  can  then  be 
forwarded  to  top  management 
for  final  review  and  approval. 

Potential  benefits 

The  work  steps  previously  de¬ 
scribed  have  been  applied  suc¬ 
cessfully  in  a  wide  range  of  manu- 
facturing  environments.  They 
have  been  proven  workable  for 
discrete  fabrication  and  assem¬ 
bly  and  batch  process-flow  man¬ 
ufacturers.  Based  on  many  suc¬ 
cessful  experiences,  companies 
which  implement  these  im¬ 
proved  cost-benefit  analysis  con¬ 
cepts  should  realize  the  following 
benefits: 

•  Identification  of  high  cost/ 


low  performance  functions 
which  usually  represent  the  grea¬ 
test  opportunity  for  improve¬ 
ment; 

•  Conceptual  design  activities 
which  use  cost  behavior  patterns 
and  defined  standards  of  perfor¬ 
mance  as  objectives  for  screening 
potential  improvement  alterna¬ 
tives.  (The  identification  of  key 
success  factors  will  improve  the 
likelihood  of  success.); 

•  Comprehensive  solutions 
which  provide  a  realistic  assess¬ 
ment  of  potential  benefits  and 
management  actions  necessary 
to  maximize  the  results  (formal 
risk  management  program);  and 

•  Project-user  understanding 
of  the  benefits  expected  and  how 
to  manage  the  new  technology 
environment. 

Conclusion 

The  objective  of  this  article  was 
to  explain  how  to  improve  the 
needs  analysis  and  conceptual 
design  activities  associated  with 
technology  modernization.  An 
effective  cost-benefit  analysis  ap¬ 
proach  is  a  critical  prerequisite 
for  successful  implementation  of 
the  automated  factory.  Technical 
knowledge  alone  will  not  be  suf¬ 
ficient  for  planning  the  future. 
You  will  experience  two  changes 
when  moving  from  the  “As  Is"  to 
the  “To  Be”  factory  environ¬ 
ment.  The  first  change  will  be  the 
technology  base  used  to  design 
and  manufacture  your  product. 
The  second  area  of  change  will 
deal  with  management  practices 
and  support  systems.  Those 
companies  which  introduce  tech¬ 
nology  must  anticipate  changes 
in  performance  measurements, 
cost  management  and  data  col¬ 
lection  activities  to  support  the 
new  manufacturing  environ¬ 
ment.  Technology  cannot  man¬ 
age  itself.  This  series  of  articles 
offers  guidelines  for  managing 
the  new  manufacturing  environ¬ 
ment.  US 


lechnotagy  cost -benefit 

tracking 

By  Lawrence  T.  Michaels,  William  T.  Muir  and  Robert  G.  Eiler 

Price  Waterhouse 


Management  needs  a  new  set  of 
rules  for  justifying  and  managing 
factory  automation.  High  tech¬ 
nology  processes  like  flexible  ma¬ 
chining  systems  cannot  be  justi¬ 
fied,  planned  and  controlled 
under  the  same  set  of  rules  as 
labor-based  operations.  The  in¬ 
troduction  of  state-of-the-art 
manufacturing  and  engineering 
technologies  will  not  always,  in 
and  of  themselves,  improve  pro¬ 
ductivity  or  help  contain  costs. 

If  the  potential  of  a  new  tech¬ 
nology  is  to  be  realized,  then 
management  practices  must  also 
change  as  advanced  manu¬ 
facturing  methods  are  selected 
and  introduced.  More  specifi¬ 
cally,  measurements  of  cost  and 
performance  need  to  be  im¬ 
proved  in  many  companies  to 


help  manage  the  automated  fac- 
atory  environment  This  article 
will  present  a  successful  cost- 
benefit  tracking  model  applica¬ 
ble  to  many  companies  in  a  wide 
range  of  manufacturing  environ¬ 
ments. 

Why  technology  cost-benefit 
tracking  is  important 
Cost-benefit  tracking  is  the  re¬ 
porting  process  used  to  monitor 
and  control  the  manufacturing 
environment  after  the  imple¬ 
mentation  of  new  process  or  in¬ 
formation  technology.  Careful 
consideration  should  be  given  to 
cost-benefit  tracking  activities. 
Otherwise,  you  may  run  the  risk 
of  expending  significant  timeand 
resources  on  a  new  technology 
only  to  find  that  things  are  not 


much  better  than  they  were  be¬ 
fore.  The  challenge  to  forward- 
looking  managers  is  to  pay  care¬ 
ful  attention  to  the  cost-benefit 
tracking  process,  in  addition  to 
selecting  the  new  technology  to 
be  employed.  This  attention  will 
provide  three  significant  bene¬ 
fits: 

•  Cost-benefit  tracking  is  the 
essence  of  a  formal  risk  manage¬ 
ment  program  (i.e.,  identifying 
what  factors  are  most  critical  to 
the  operation  so  as  to  manage 
and  maximize  potential  bene¬ 
fits). 

•  When  properly  imple¬ 
mented.  cost-benefit  tracking 
becomes  the  means  for  per¬ 
formance-based  management 
(i.e.,  management  focus  and  at¬ 
tention  to  those  key  success  fac- 


presented  an  overall  technol¬ 
ogy  master  plan,  described 
cost-benefit  analysis  during 
project  justification  and  out? 
lined  performance-based 
management  concepts.  This 
third  article  will  explain  the 
scope  and  importance  of  cost- 
benefit  tracking  and  describe 
the  basic  work  steps. 

—The  authors 
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About  the  series 

Significant  benefits  have  been 
promised  by  the  proponents  of 
technology  modernization. 
“Winners"  have  recognized 
the  strategic  importance  of 
■  Technology  Management  In 
doing  so,  these  companies 
,  have  found  that  many  man¬ 
agement  practices  and  sup¬ 


port  systems  need  to  be  im¬ 
proved  if  the  anticipated 
benefits  of  technology  are  to  be 
realized. 

The  purpose  of  this  three- 
part  article  has  been  to  pro¬ 
vide  guidance  for  the  technol¬ 
ogy  management  process.  The 
first  two  articles  discussed  the 
relationship  between  technol¬ 
ogy  and  cost  management, 


Figure  1.  Integration  of  cost-benefit  analysis  and 

cost-banafit  tracking 
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tors  or  “drivers”  which  affect 
overall  cost  and  productivity  lev¬ 
els). 

•  Confirmation  of  anticipated 
benefits  will  promote  manage¬ 
ment  commitment  to  sub¬ 
sequent  investments  in  process 
c i  automation  programs. 

Technology 

cost  behavior  patterns 

Many  companies  have  failed 
to  recognize  that  advanced  man¬ 
ufacturing  technologies  such  as 
robotics  and  automated  material 
handling  systems  have  different 
cost  behavior  patterns  than  tradi¬ 
tional  machining  centers.  Ad¬ 
vanced  manufacturing  tech¬ 
nologies  usually  require  fewer 
direct  labor  hours  and  substan¬ 
tially  more  support  services  (en¬ 
gineering  and  maintenance).  The 
assumption  that  a  reduction  of 
measured  direct  labor  will  pro¬ 
duce  a  corresponding  reduction 
of  indirect  costs  has  all  too  often 
been  proved  wrong.  Limiting  ad¬ 
vanced  technology  cost-benefits 
tracking  to  only  one  or  two  ele¬ 
ments  of  cost  (e.g.,  direct  labor 
and  direct  material)  can  create 
“blind  spots”  regarding  the  over¬ 
all  cost  profile,  and  bring  about 
less-than-anticipated  overall  re¬ 
sults. 

The  cost  of  factory  automation 
includes  more  than  just  the 
equipment  itself.  Automated 
manufacturing  processes  require 
significant  amounts  of  other 
costs  such  as  maintenance,  engi¬ 
neering  and  data  processing  sup¬ 
port  activities.  The  cost  of  these 
specialized  skills  and  services 
may  equal  or  exceed  the  cost  of 
the  device.  For  this  reason,  these 
costly  service  activities  should  be 
monitored  in  a  manner  similar  to 
other  more  direct  production  ac¬ 
tivities.  In  many  instances,  there 
will  be  a  direct  relationship  be¬ 
tween  machine  hours  and  the 
system’s  operating  support  costs. 


If  an  FMS  requires  the  equiva¬ 
lent  of  a  full  time  industrial  engi¬ 
neer  to  maintain  it,  this  cost  fac¬ 
tor  should  be  included  in  the  per- 
unit  cost  calculation.  Many 
support  activities  can  and  should 
be  monitored  and  controlled  in  a 
manner  similar  to  other  value- 
added  manufacturing  resources. 

Managing  the 

automated  factory  environment 

Technology  cost-benefit  track¬ 
ing  is,  in  reality,  a  recognition 
that  the  automated  factory  re¬ 
quires  a  change  in  management 
practices.  Technology  cannot 
manage  itself.  The  techniques 
and  information  systems  used  to 
manage  the  “As  Is”  environment 
may  be  inadequate  for  the  “To 
Be”  technology-based  factory. 
Managers  will  be  forced  to  give 
greater  consideration  to  the  po¬ 
tential  impact  of  a  new  process 
technology  on  both  direct  manu¬ 
facturing  operations  and  support 
services.  These  considerations 
include: 

•  Material  handling,  quality 
control  and  maintenance, 

•  Industrial  engineering  sup¬ 
port, 

•  Inventory  management  and 
production  planning, 

•  Cost  accounting,  and 


•  Computer  resources  and 
systems  (to  support  all  of  the 
above). 

Success  will  require  three  basic 
changes  in  the  management  prac¬ 
tices  of  many  companies.  The 
first  deals  with  broadening  or  ex¬ 
panding  traditional  performance 
and  cost-benefit  tracking  pro¬ 
cedures.  Advanced  manufactur¬ 
ing  technologies  will  have  differ¬ 
ent  development  and  operating 
costs  than  traditional  production 
processes.  The  amount  of  engi¬ 
neering  development  and  sup¬ 
port  is  usually  greater.  Mainte¬ 
nance,  computer-resources  and 
production  control  costs  will  also 
change  as  you  move  from  the  “As 
Is”  to  the  “To  Be”  environment. 
On  the  other  side  of  the  coin,  this 
changing  technology  will  pro¬ 
duce  corresponding  benefits 
which  can  be  quantified  and 
monitored: 

•  Increased  flexibility  in  the 
choice  of  raw  material  grades; 

•  Reduced  set-up  time  and 
improved  overall  throughput  via 
automated  material  handling 
and  dynamic  dispatching  to  re¬ 
duce  queue  times; 

•  Improved  quality,  resulting 
in  reduced  scrap,  rework  and  in¬ 
spection  costs; 

•  Increased  flexibility  and  ca- 


pacity  in  terms  of  the  number,  lot 
size  and  volume  of  parts  that  can 
be  processed;  and 

•  Automated  monitoring  of 
machine  activities  and  tolerance 
specifications,  which  can  lower 
machine  operator  costs  and  also 
produce  higher  quality  parts. 

The  second  management 
change  deals  with  the  classi¬ 
fication  and  control  of  many  cost 
factors  traditionally  considered 
to  be  indirect  or  fixed  (overhead). 
The  availability  and  accuracy  of 
actual  data  should  improve  as 
new  process  technologies  are  im¬ 
plemented.  With  the  increased 
availability  and  accuracy  of  shop- 
floor  data,  many  costs  which  pre¬ 


viously  have  been  considered 
fixed  can  be  evaluated  and  man¬ 
aged  in  a  direct  manner.  This  will 
require  moving  from  a  labor- 
based  to  a  machine/process  cycle 
production  control  and  account¬ 
ing  approach.  This  change  will 
provide  greater  visibility  and 
control  of  the  factors  of  produc¬ 
tion. 

The  third  management  change 
(or  need)  deals  with  technology 
performance  monitoring.  Cost- 
benefit  tracking  can  also  be  used 
to  identify  problems.  Low  pro¬ 
ductivity  levels  may  be  attributed 
to  manufacturing  operations 
even  though  the  real  cause  may 
reside  elsewhere.  For  example,  an 


FMS  may  not  produce  the  antici¬ 
pated  results  if  it  is  supported  by 
a  poor  maintenance  or  material 
management  system.  Also,  con¬ 
tinual  breakdowns  or  downtime 
associated  with  part  shortages 
can  limit  the  benefits  projected 
for  the  FMS.  Cost-benefit  track¬ 
ing  should  provide  information 
regarding  actual  performance,  so 
that  management  can  determine 
whether  enhancements  to  the 
technology  itself  are  needed  or 
whether  problems  exist  in  the 
surrounding  support  areas. 

Work  steps  for 
cost-benefit  tracking 
In  the  previous  article  we  dis- 
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Figure  2.  The  component  functione  of  Computer  Integrated  Manufacturing 
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cussed  why  technology  manage¬ 
ment  “winners"  have  come  to 
learn  the  importance  of  cost- 
benefit  analysis.  In  particular, 
two  points  should  be  reviewed 
before  we  outline  the  cost-benefit 
tracking  work  steps. 

First,  the  key  success  factor  ap¬ 
proach  is  used  to  define  what  per¬ 
formance  factors  have  an  impact 
on  the  level  of  overall  costs  (cost 
baseline).  Performance  im¬ 
provements  should  have  a  mate¬ 
rial  and  direct  impact  on  the  cost 
baseline. 

Second,  conceptual  design  ac¬ 
tivities  should  include  the  devel¬ 
opment  of  a  “To  Be”  cost  base¬ 
line,  an  assessment  of  benefits, 
risks  and  assumptions,  and  a  gen¬ 
eral  description  of  required  cost- 
benefit  tracking  mechanisms. 

These  considerations  are  crit¬ 
ical  prerequisites  to  effective 
cost-benefit  tracking.  Stated 
more  simply,  planning  must  in¬ 
clude  what  is  to  be  measured  and 
how  the  measurement  will  be  ac¬ 
complished.  Upfront  planning 
must  include  how  the  new  tech¬ 
nology  will  be  managed  as  well  as 
the  implementation  strategy. 
Figure  1  is  an  illustration  of  how 
cost-benefit  analysis  and  cost- 
benefit  tracking  are  integrated. 
The  remainder  of  this  article  will 
describe  a  cost-benefits  tracking 
approach  which  applies  to  most 
companies. 

Step  I:  Capture  actual  cost  in¬ 
formation.  Cost-benefit  track¬ 
ing  begins  with  the  capture  of  ac- 
tual  data  (costs)  for  the 
functional  areas  affected  by  the 
automation.  The  types  of  data  to 
be  captured  typically  include: 

•  Direct  labor  (standard,  at¬ 
tendance  factors,  learning  curve, 
scrap  and  rework); 

•  Direct  material  (standard, 
yield  and  scrap); 

•  Other  direct  costs  (machin¬ 
ery  and  equipment,  engineering, 
information  systems,  energy,  in¬ 
ventory  carrying  costs,  and  other 


operations  support); 

•  Indirect  labor  and  material; 
and 

•  Other  indirect  costs  (facili¬ 
ties,  administrative  information 
systems,  G&A  support,  fi¬ 
nancing). 

The  actual  cost  elements  to  be 
tracked  are  determined  by  the 
cost  model  most  appropriate  for 
the  given  company.  The  data 
should  be  captured  through  a  sin¬ 
gle  integrated  information  sys¬ 
tem  to  support  all  cost  manage¬ 
ment  and  performance  reporting 
needs.  Pertinent  design  issues 
which  affect  data  capture  in¬ 
clude:  the  point  of  data  capture, 
the  method  of  data  capture,  con¬ 
trols  over  accuracy,  and  the  tim¬ 
ing  difference  between  the  occur¬ 
rence  of  the  transaction  and  its 
reporting. 

The  result  of  this  work  step  is  a 
data  base  of  actual  performance 
data  and  its  associated  costs, 
which  will  be  used  to:  ( 1 )  analyze 
the  key  success  factors  for  the 
functions  affected  by  the  auto¬ 
mation,  and  (2)  to  support  the 
company’s  overall  data 
presentation  needs.  These  data 
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needs  include:  accounting  infor¬ 
mation,  pricing,  general  perfor¬ 
mance  measurement  and  spe¬ 
cific  technology  improvement 
monitoring. 

Step  2:  Determine  the  actual 
cost  baseline.  Costs  which  are  di¬ 
rectly  (completely  and  totally)  at¬ 
tributable  to  the  technology 
modernization  project  are  ana¬ 
lyzed  on  a  project  (functional) 
basis.  Depending  on  the  mag¬ 
nitude  of  the  costs,  this  informa¬ 
tion  is  collected  at  the  detail  or 
summary  level.  All  other  costs 
are  normally  summarized  and  al¬ 
located  as  required.  The  result  of 
this  work  step  is  the  actual  cost 
baseline. 

Step  3:  Calculate  the  cost  differ¬ 
ence  between  the  actual  and  the 
predicted C'To  Be")  cost  baselines. 
In  this  step  it  is  important  to 
make  use  of  the  key  success 
factor/productivity  “driver" 
analysis,  assumptions  developed 
during  the  conceptual  design, 
and  risk  management  aspects  of 
the  cost-benefit  analysis.  This  in¬ 
formation  is  used  to  analyze  and 
reconcile  significant  variances 
between  the  actual  and  “To  Be” 
cost  baselines.  This  analysis  is 
done  for  each  majorcost  element 
determined  to  be  a  key  success 
factor.  Rate,  production  mix  and 
quantity  differences  are  exam¬ 
ples  of  the  types  of  variances 
which  can  be  identified  for  each 
major  cost  element  being 
tracked. 

This  work  step  results  in  vari¬ 
ances  being  identified  at  oper¬ 
ational  level  by  cause.  This  infor¬ 
mation  is  then  used  to  correct  the 
problem,  if  possible.  Otherwise, 
the  projected  “To  Be”  cost  base¬ 
line  (and  process  standard) 
should  be  revised.  Revising  the 
“To  Be”  cost  baseline  is  normally 
restricted  to  conceptual  design 
assumptions  which  do  not  hold 
true.  Examples  of  assumptions 
which  may  require  revising  to 
“To  Be”  cost  baseline  include: 


planned  versus  actual  volume, 
learning  curve  factors,  actual  ver¬ 
sus  planned  yield,  and  machine 
throughput  performance  consid¬ 
erations. 

Step  4:  Close  the  technology 
planning  loop  by  passing  the  ac¬ 
tual  cost  baseline  information 
back  to  the  cost-benefit  analysis 
model.  Actual  cost  baseline  in¬ 
formation  should  be  used  to  de¬ 
termine  any  new  improvement 
opportunities  or  to  re-prioritize 
exisiting  factory  automation 
projects.  Actual  cost  baseline  in¬ 
formation  provides  information 
to  maintain  a  rank-ordered  pri¬ 
ority  of  technology  moderniza¬ 
tion  projects. 

The  result  of  this  work  step  is  a 
closed-loop  technology  manage¬ 
ment  program.  This  information 
should  be  used  to  maintain  an 
up-to-date  effectiveness  review/ 
needs  analysis. 

Step  5:  Complete  the  required 
reporting.  The  last  step  of  the 
cost-benefit  tracking  model  is  to 
complete  all  required  reporting. 
The  implementation  of  a  com¬ 
prehensive  cost-benefit  tracking 
data  base  will  support  all  internal 
and  external  reporting  require¬ 
ments.  This  information  will 
provide  the  means  to  effectively 
monitor  and  control  the 
technology-based  environment. 

The  cost-benefit  tracking 
model  provides  the  infrastruc¬ 
ture  to  support  overall  reporting 
requirements  and  "institu¬ 
tionalize''  the  necessary  changes 
in  management  practices. 

Making  it  happen 

Successful  factory  automation 
requires  the  formal  integration  of 
cost-benefit  analysis  and  cost- 
benefit  tracking.  Technology  im¬ 
provement  efforts  must  define 
what  is  to  be  measured  and  how 
the  measurement  will  be  accom¬ 
plished.  The  purpose  of  cost- 
benefit  tracking  is,  therefore,  to 
monitor  the  critical  cost  factors 


and  productivity  “drivers”  that 
have  been  identified  by  the  cost- 
benefit  analysis  work  effort.  Ef¬ 
fective  cost-benefit  tracking  re¬ 
quires  that  the  productivity 
“drivers”  or  key  success  factors 
be  monitored  as  well  as  overall 
costand  performance. 

The  implication  here  is  that 
the  timing  and  content  of  data 
collection  activities  will  change. 
Information  regarding  produc¬ 
tivity  “drivers”  as  well  as  actual 
cost  data  needs  to  be  collected. 


Effective  cost-benefit  tracking  in¬ 
corporates  the  fundamentals  of 
traditional  financial  analysis, 
cost  management  and  statistical 
performance  measurement  and 
evaluation. 

Effective  cost-benefit  tracking 
demands  timely  and  accurate 
source  data  capture.  The  actual 
data  to  be  collected  should  be  at 
the  lowest  practical  level  of  detail 
(work  order/part/machine/ 
operation). 

Effective  cost-benefit  tracking 


How  ledmology  Management 
appHes  to  CIM 


In  its  most  basic  form,  the 
“Recapitalization  of  America” 
involves  technology  advances 
on  three  broad  fronts: 

(1)  Materials  and  product 
technologies  —  carbon  fibers, 
ceramics,  large  scale  semi¬ 
conductors,  optical  fibers, 
etc.; 

(2)  Process  technologies  — 
robotics,  automated  material 
handling,  flexible  machining 
systems,  etc.,  and 

(3)  Information  techno¬ 
logies  —  Manufacturing  Re¬ 
source  Planning  (MRP  II), 
Computer-Assisted  Design, 
group  technology  coding  sys¬ 
tems,  telecommunications, 
etc. 

The  need  for  integration  of 
these  technologies  and  the  at¬ 
tendant  cost  containment, 
quality  improvement,  sched¬ 
ule  reduction  and  capacity 
control  benefits  is  intuitively 
recognized  by  many.  Integra¬ 
tion  efforts,  admittedly  in¬ 
complete,  are  currently  taking 
place  at  two  different  levels  of 
focus:  first  within  each  of 
several  technology  categories 
and  then  between  the  catego¬ 
ries  as  a  whole.  These  broad 
categories  of  technology  are  fa¬ 
miliar  to  many  as:  Computer- 


Assisted  Design/Engineering 
(CAD/CAE),  Computer- 
Assisted  Manufacturing 
(CAM),  and  Decision  Support 
System  (DSS).  The  integra¬ 
tion  effort  between  these  cate¬ 
gories  is  known  genetically  as 
CIM,  or  Computer  Integrated 
Manufacturing.  (Figure  2.) 

Today,  CIM  exists  mainly  as 
a  “gleam  in  the  eye”  of  some 
forward  thinking  managers. 
But  many  experiments  are  be¬ 
ing  tried  (particularly  a  num¬ 
ber  supported  by  the  De- 
partment  of  Defense 
Industrial  Modernization  Im¬ 
provement  Program).  The  day 
is  not  far  off  when  a  working 
CIM  facility  within  a  particu¬ 
lar  industry  will  be  demon¬ 
strated. 

Technology  Mangement  is 
the  application  of  the  manage¬ 
rial  tools  and  techniques 
needed  to  first  develop  on  a 
project  basis  —  and  then  plan 
and  control  on  a  dynamic 
operating  basis — a  CIM  facil¬ 
ity.  Technology  Management 
is  a  mind-set  change  from  a 
discrete  work  order/work  cell 
basis  of  management  to  the  to¬ 
tal  planning  and  controlling  of 
a  facility’s  cost,  quality,  sched¬ 
uling  and  capacity  profile. 


Technology  Management  is  a  mind-set  change  from  a 
discrete  work  order/work  cell  basis  of  management  to 
pfenning  and  controlling  the  total  of  a  facility's  cost,  quality, 

scheduling  and  capacity  profile. 


avoids  collecting  unnecessary 
data,  but  it  should  be  accom- 
panied  by  a  single  integrated  sys¬ 
tem  to  support  the  following 
types  of  cost  and  performance  re¬ 
porting  needs: 

•  Ledger  accounts, 

•  Organizational  unit  (cost 
center), 

•  Product, 

•  Job/work  order  (multiple 
orders  within  a  job), 

•  Functional  process, 

•  Project, 

•  Contract,  and/or 

•  Fund. 

It  should  be  clearly  understood 
that  the  design  and  imple¬ 
mentation  of  the  cost-benefit 
tracking  system  is  a  critically  im¬ 
portant  technology  management 
issue. 

Many  cost  management  sys¬ 
tems  in  place  today  are  not  re¬ 
sponsive  to  technology  cost- 
benefit  analysis  and  tracking 
needs.  The  cost  system  may  have 
been  originally  developed  years 
ago  when  manufacturing  oper¬ 
ations  were  less  complex  in  terms 
of  products,  processes,  logistics 
and  labor  force  characteristics.  It 
has  been  observed  that  the  failure 
of  many  cost-benefit  tracking  ef¬ 
forts  can  be  traced  to  an  anti¬ 
quated  cost  management  system. 
An  “antiquated"  cost  manage¬ 
ment  system  is  characterized  by: 

•  Direct  labor  as  the  only  basis 
of  production  control  and  over¬ 
head  allocation; 

•  A  historical  orientation,  re¬ 
porting  what  has  happened,  in¬ 
stead  of  planning  what  should 
happen; 

•  Inadequate  information  re¬ 
garding  support  system  cost  fac¬ 
tors  such  as  material  handling, 
inspection  and  maintenance 
(which  are  often  lumped  together 
into  one  factory  overhead  ac¬ 


count); 

•  Lack  of  variable  product/ 
process  cost  information  and  the 
inability  to  identify,  analyze  and 
explain  the  cause(s)  of  significant 
variances  at  the  operational  level; 

•  Top  management  reporting 
which  is  limited  to  the  same  data 
given  to  line  supervision;  and 

•  Lack  of  integration  between 
project,  financial,  manufacturing 
and  cost  management  systems. 

Successful  technology  cost- 
benefit  tracking  will  require  two 
fundamental  but  perhaps  signifi¬ 
cant  changes  for  some  compa¬ 
nies.  First,  recognition  that  the 
automated  factory  cannot  be 
managed  in  the  same  manner  as 
the  “As  Is"  environment.  This 
requires  a  careful  examination  of 
the  implications  of  the  design 
concepts  and  management  con¬ 
trol  practices  for  the  “To  Be" 
manufacturing  process  or  pro¬ 
cesses.  Key  success  factors  and 
productivity  “drivers"  will 
change  as  you  move  from  the  “As 
Is"  to  the  “To  Be”  environment. 
Formal  integration  of  the  cost- 
benefit  analysis  and  cost-benefit 
tracking  work  steps  will  enable 
companies  to  move  to 
performance-based  operations 
management. 

Second,  there  may  be  a  need  to 
anticipate  changes  in  the  cost 
management  system  (data  col¬ 
lection,  reporting,  cost  classi¬ 
fication  and  causal  analysis)  to 
support  the  automated  factory 
environment.  Many  companies 
are  finding  that  these  two  types  of 
changes  in  management  prac¬ 
tices  are  providing  benefits 
which  equal  or  exceed  the  poten¬ 
tial  of  factory  automation  tech¬ 
nology. 

Conclusions 

The  purpose  of  this  three-part 


article  has  been  to  provide  guide¬ 
lines  for  improving  the  technol¬ 
ogy  management  process.  Re¬ 
search  studies  have  concluded 
that  the  introduction  of  new  tech¬ 
nology  represents  the  single 
greatest  opportunity  for  pro¬ 
ductivity  improvement  in  this 
country.  This  consideration, 
coupled  with  increased  inter¬ 
national  competition,  indicates 
that  technology  management  is  a 
critical  strategic  issue.  We  have 
observed  that  technology  man¬ 
agement  “winners"  are  those 
companies  which: 

•  Include  technology  mod¬ 
ernization  planning  within  the 
strategic  planning  process; 

•  Allocate  the  necessary  time, 
resources  and  skills  to  evaluate 
technology  improvement  oppor¬ 
tunities; 

•  Recognize  the  relationship 
between  technology  and  cost 
management  (cost  management 
needs  to  be  an  integrated  and  dy¬ 
namic  part  of  the  technology 
management  planning,  control 
and  measurement  process); 

•  Anticipate  changes  in  man¬ 
agement  practices  and  support 
systems  in  moving  to  a 
technology-based  manufacturing 
position;  and 

•  Recognize  that  effective 
cost-benefit  analysis  and  track¬ 
ing  guidelines  are  a  critical  pre¬ 
requisite  for  success. 

Technology  management  is  a 
strategic  matter  that  companies 
must  address  to  maintain  their 
competitive  position.  The  goal  of 
every  technology  manager 
should  be  to  develop  a  program 
which  is  affordable,  realistic, 
reachable  and  consistent  with  the 
future  strategic  direction  of  the 
company.  Future  success  will  de¬ 
pend  on  mastering  the  technol¬ 
ogy  management  process.  SSI 


PRICE  WATERHOUSE  REVIEW  CRITERIA 
CDEF 

COST-BENEFIT  ANALYSIS  AND  TRACKING 


The  nine  questions  presented  in  this  document  highlight  the 
major  points  that  Price  Vaterhouse  believes  necessary  to  execute 
a  successful  cost-benefit  analysis  program.  To  summarize,  an 
effective  cost-benefit  analysis  process  should  address  the 
following: 

o  It  should  evaluate  the  cost  Impact  of  an  enhanced  manu¬ 
facturing  technology  on  the  manufacturing  functions 
Involved  rather  than  the  products  being  produced.  Pro¬ 
duct  cost  reduction  occurs  as  a  result  of  process  cost 
reduction  -  at  given  levels  of  volume  and  mix. 

o  It  should  prepare  an  analysis  of,  and  plan  to  minimize, 
project  risk  (economic,  technical  and  human  factors). 

o  It  should  identify  cost-benefit  tracking  requirements  to 
aid  in  assuring  realization  of  proposed  benefits. 

The  nine  questions  which  comprise  the  Price  Waterhouse  cost- 
benefit  evaluation  criteria  are: 

I .  Has  a  functional  structure  been  used? 

The  Node  Tree  diagram  (IDEFq  model)  is  an  example  of  a  func¬ 
tional  structure  which  aids  in  establishing  a  "top-down  approach 
and  in  identifying  each  manufacturing  function  within  a  given 
project's  scope.  Consistency  between  functional  manufacturing 
operations,  financial  reporting,  performance  Improvement  and 
cost-benefit  analysis  can  best  be  achieved  by  structuring  each  on 
an  equivalent  basis.  A  functional  structure  of  the  project's 
scope  provides  the  "common  ground"  for  establishing  this  consis¬ 
tency. 

By  documenting  all  manufacturing  functions  within  a  project's 
scope,  greater  assurance  is  provided  that  total  costs  are  recog¬ 
nized.  This  helps  ensure  that  the  overall  planned  reduction  In 
cos t  is  trackable  and  that  cost  shifting  between  functions  does 
not  go  undetected. 
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II.  Have  Function  Croupi  bitn  identified? 

Function  Groups  arc  defined  as  the  group(a)  of  low-level 
functions  (nodes)  that  are  Impacted  by  a  given  technology  within 
the  functional  scope  of  the  laproveaent  project.  Function  Groups 
simplify  the  cost-ber.efit  process  by  reducing  the  number  of 
computations  which  need  to  be  performed . 

III.  Has  the  financial  reporting  structure  been  “mapped1* 
against  the  functional  structure? 

The  napping  (overlay)  of  the  financial  reporting  structure 
against  the  functional  structure  establishes  Input/output  cost 
control.  This  aapplng  process  links  the  cost-benefit  analysis/ 
tracking  process  to  the  financial  reporting  process.  This  link 
Is  a  critical  step  In  assuring: 

o  The  Inclusion  of  Incurred  costs  within  the  defined  func¬ 
tional  structure, 

o  The  traceability  of  costs  and  benefits  over  tine,  and 

o  Reduction  In  the  need  for  expensive  statistical  data 
collection  systems  for  the  purpose  of  calculating  base¬ 
line  data. 

Also,  because  It  Is  subject  to  mandated  accounting  controls  and 
procedures,  financial  reporting  Is  often  a  more  stable  data  base 
than  those  developed  from  operational  statistics. 

IV.  Has  a  comprehensive  Manufacturing  Cost  Model  been  Identl- 
fled? 


The  purpose  of  a  manufacturing  technology  Improvement  program 
Is  to  reduce  the  "value-added"  costs  Incurred  within  the  defined 
functional  scope  of  the  project.  To  properly  analyze,  evaluate 
and  monitor  the  change  In  value-added  costs  from  the  "As  Is"  to 
the  "To  Be"  condition,  they  must  be  grouped  on  a  common  basis 
(l.e.,  a  manufacturing  cost  model  must  be  developed). 

A  typical  manufacturing  cost  model  groups  costs  by  material 
segments  (direct  material  la  a  pass  through,  not  value-added; 
scrap  Is  a  negative  value-added) ,  labor  segments  (both  direct  and 
Indirect)  and  overhead  and  support  segments  (utilities,  equipment 
amortization,  Inventory  carrying,  facilities,  payroll,  personnel, 
engineering,  etc.).  Once  the  manufacturing  cost  model  is  pre¬ 
pared,  costs  can  be  Input  (at  a  given  level  of  production  volume 
and  mix)  Into  the  functional  scope  of  the  project  so  that  both 
the  "As  Is"  and  the  "To  Be"  condition  can  be  computed  and  com¬ 
pared.  The  project's  savings  are  then  the  difference  between  the 
"As  Is"  and  "To  Be"  Input  cost  baselines,  extended  for  the  time 
horizon  of  the  project. 
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V.  Have  Critical  Success  Factors  and  the  related  performance 
measures  been  Identified? 


Critical  Success  Factors  are  defined  as  those  criteria  that 
must  be  satisifed  if  the  expected  goals  of  a  given  project  are  to 
be  attained. 

Performance  measures  are  the  criteria  used  to  monitor  the 
status  of  a  Critical  Success  Factor.  By  using  an  approach  to 
cost-benefit  analysis/tracking  that  is  function  oriented  and 
linked  to  the  financial  reporting  system,  performance  measures 
can  be  quantified.  Guidelines  for  establishing  performance 
measures  should  Include: 

o  Measurability, 

o  Direct  linkage  to  the  cost  groups,  and 

o  Auditability  (traceability)  over  time. 

VI.  Have  "As  Is"  and  "To  Be"  cost  baselines  been  established? 


The  primary  reason  for  developing  cost  baselines  is  to  pro¬ 
vide  a  mechanism  for  monitoring  and  analyzing  cost  behavior 
pattern  changes  (quantify  the  benefits)  as  a  given  technology  is 
implemented . 

The  advantages  of  the  baseline  approach,  using  functional 
data  rather  than  product  data,  Include: 

o  An  ability  to  do  cross- functional  Impact  analysis.  As 
costs  change  within  a  function  (or  Function  Group),  they 
may  adversely  (or  favorably)  Impact  the  cost  patterns  of 
another  function  (or  Function  Group)  .  As  enhanced  manu¬ 
facturing  technologies  are  Implemented,  cost  shifting 
will  normally  occur  between  functions  and/or  between  cost 
groups  within  a  function.  For  example,  as  the  modules  of 
IMS  are  Implemented,  production  planning  costs  may  de¬ 
crease  but  data  processing  costs  will  probably  Increase. 
This  cost  shifting  phenomenon  is  most  visible  using 
functional  data  and  the  baseline  approach. 

o  An  ability  to  verify  the  source  of  the  "As  Is"  data. 
Once  the  functional  structure  has  been  linked  to  the 
financial  reporting  system,  the  measurement  of  change 
from  one  baseline  to  another  can  be  determined  without 
processing  large  amounts  of  statistical  data. 

Thus,  the  "As  Is"  baseline  can  be  verified  to  generally 
accepted  financial  data  to  assure  that  the  total  cost  of  the 
project' 8  scope  has  been  included. 
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VII.  Hai  project  rlik  been  considered? 


By  identifying  and  documenting  the  riak  aspect!  of  the  pro¬ 
ject,  alternative  scenarios  can  be  prepared.  These  scenarios  are 
typically  developed  considering  "Best  Case/Vorst  Case/Expected 
Case"  situations  with  various  benefit  relationships  within  the 
Function  Group  based  on  changing  risk  factors. 

By  establishing  these  scenarios,  a  risk  management  plan  can 
be  developed.  This  plan  should  outline  the  -steps  required  to 
manage  the  risks  that  nave  been  identified  as  having  the  greatest 
potential  to  inhibit  benefits  anticipated. 

Project  risks  may  exist  in  areas  other  than  hardware  technol¬ 
ogy.  The  "Human  Factor"  risk  is  always  present  in  an  environment 
where  new  technology  is  being  Implemented.  For  example,  some  of 
the  human  factor  risks  that  might  exist  within  a  Flexible  Machin¬ 
ing  System  (FMS)  environment  are: 

o  Adaptability  of  machining  operators  to  the  new  environ¬ 
ment,  and 

o  Ability  to  retrain  those  workers  displaced  by  the  new 
technology. 

These  are  two  of  many  human  related  risks  that  could  Impact  a 
technology  improvement  project  and  which  should  be  reflected  in 
the  cost-benefit  process. 

VIII.  Has  the  synergistic  impact  of  the  technology  improvements 
been  considered? 


Whenever  new  manufacturing  technologies  aie  Implemented,  the 
Impact  of  the  technology  seldom  affects  only  one  function  (node) . 
This  effect,  often  referred  to  as  "synergistic  impact,"  must  be 
considered  in  the  cost-benefit  process. 

The  functional  approach  to  cost-benefit  analysis,  us ing  a 
Function  Group  concept,  provides  the  capability  for  the  identifi¬ 
cation  of  these  interrelated  impacts  on  all  the  functions  in¬ 
volved.  This  concept  of  synergistic  identification  becomes  even 
more  applicable  when  multiple  projects  with  multiple  technologies 
are  being  Implemented  simultaneously  within  a  single  program. 

IX.  Has  a  benefits  tracking  plan  been  developed? 

Cost-benefit  tracking  is  a  critical  element  of  a  comprehen¬ 
sive  cost-benefit  analysis  process.  Each  segment  of  a  successful 
and  efficient  cost-benefit  tracking  plan  must  correspond  to  the 
criteria  set  in  the  establishment  of  performance  measures  (see 
Question  V) . 
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A  functional  approach  to  cost-benefit  analysis  that  ia  linked 
to  the  financial  reporting  systea  logically  yields  a  tracking 

?lan  that  utilises  interia  financial  reporting  to  aeasure  chances 
n  cost  baseline  behavior  patterns.  Variances  between  the  "To 
Be"  environaent  and  the  current  envlronaent  can  be  readily 
quantified  using  this  approach.  Thla  "financial-linked"  approach 
to  benefits  tracking  alnialsea  the  need  for  additional  and 
extensive  statistical  shop  floor  data  collection  systems. 

It  should  be  noted  that  while  the  functions/processes  of  a 
aanufacturlng  organisation  are  relatively  stable,  the  product  mix 
manufactured  aay  fluctuate  significantly  over  the  lift*  of  a  cost- 
benefit  tracking  program .  If  a  product  approach  la  uaed  in 
performing  the  cost-benefit  analysis,  the  tracking  taak,  the 
explanation  of  variances  and  the  adjuatment  of  benefit  expecta¬ 
tions,  could  become  a  highly  burdensome  process. 
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APPENDIX  A. 2 


Detailed  Description  of  DCF/SSA  Model 


OCF/SSA  -  Detailed  Description 

The  Westlnghouse  Discounted  Cash  Flow/Shared  Savings  Analysis  model  has  been 
created  utilizing  EXECUCOM  Systems  Corporation's  Interactive  Financial 
Planning  System  software  package  on  Hewlett-Packard's  HP3000  hardware. 

The  purpose  of  the  OCF/SSA  Is  to  provide  an  evaluation  tool  for  capital 
Investment  decisions  by  measuring  a  projected  rate  of  return  of  proposed 
Investment  projects.  An  acceptable  return  rate  Is  compared  to  the  calculated 
net  cash  flow  rate  of  return  projection  to  ascertain  financial  feasibility. 

INPUT 

Required  Inputs  Include  projected  Investment  and  savings  applicable  to  the 
project.  Investment  will  Include: 

Project  expense  -  annual  expenditures  for  design,  development,  support, 

follow,  etc. 

Project  capital  -  annual  expenditures  for  the  various  categories  of 

equipments  as  well  as  land,  buildings,  etc. 

Savings  will  Include  three  categories  and  must  be  Identified  In  annual 
Increments: 
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-  Total  Government  savings 

-  Savings  applicable  to  programs  Identified  as  participants  In 
sharing. 

•  Commercial  program  savings 


QillM 

The  salient  output  feature  of  the  OCF/SSA  model  Is  the  Net  Cash  Flow  per 
annum.  The  output  elements  of  the  model's  net  cash  flow  line  are: 

1)  CAS  409  Depreciation  Recovery  -  straight  line  depreciation  recovery 
(CAS409) .  Westlnghouse  utilizes  the  1/2  year  convention  which  yields 
6.25%  the  first  year,  12.5%  the  next  seven  years  and  6.25%  the  ninth 
year. 

2)  Expense  Recovery- 

-  The  IFPS  model  accounts  for  Recovery  through  labor  rates  of 
Expenses  Invested,  discounted  for  a  level  of  Commercial  Business 
Included  In  the  business  base. 

Assumption  •  95%  of  expense  Investment  Is  recoverable  In  the  year 
of  Investment  and  5%  Is  recoverable  during  the  following  year. 

3)  Cost  of  Money  (CAS  414) 

Utilizing  the  U.S.  Department  of  the  Treasury  published  rates, 
Westlnghouse  accounts  for  the  facilities  capital  Investment  cost 
recovery  discounted  by  the  level  of  commercial  business  Included  In 
the  business  base. 


174 


4)  Profit  on  Recoverables 

The  IFPS  model  allows  for  a  percentage  recovery  of  costs  recovered  at 
the  direct  cost  level  discounted  for  commercial  business  In  the 
business  base. 

5)  Loss  on  Savings 

The  IFPS  Model  accounts  for  the  level  of  profit  not  realized  due  to 
the  substantial  level  of  savings  generated.  The  average  government 
savings  per  year  times  the  negative  value  of  the  appropriate  weighted 
guide  lines  profit  level  yields  this  value. 

6)  Retained  Savings 

The  IFPS  model  provides  for  retention  of  savings  allocated  to  any  In 
process  fixed  price  government  contracts  as  well  as  any  commercial 
business  Included  In  the  business  base. 

WKIIflMWLMKl  FORMAT 

The  model  format  contains  fifty-one  lines  In  Its  current  configuration.  The 
format  Is  extremely  flexible.  Therefore,  many  desired  features  can  be 
accommodated.  There  are  three  sections  to  the  Input  file;  the  model,  report 
and  datafile. 

The  model  format  Is  as  follows: 

Line  10  sets  up  the  number  of  columns.  In  the  sample  version  there  are 
eleven  columns  -  ten  years  and  one  total. 
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Line  20  In  the  Expense  Input  from  the  datafile.  The  model  features  a 
search  function  where  It  will  search  the  datafile  for  a  matched 
nomenclature  keyed  by  the  characters  that  precede  the  equals  sign. 

Line  30  Is  the  building  Investment  Input. 

Line  33  Is  the  cumulative  building  Investment. 

Line  36  provides  the  building  Investment  base  to  be  utilized  In  the 
building  depreciation  calculations,  (line  100). 

Line  40  Is  the  equipment  Investment  In  the  five  year  depreciation  category. 
Line  43  Is  the  cumulative  calculator  of  line  40. 

Line  46  provides  the  five  year  equipment  base  for  depreciation 
calculations,  (line  120). 

Line  50  Is  the  equipment  Investment  In  the  eight  year  depreciation 
category. 

Line  53  Is  the  cumulative  calculation  of  line  50. 

Line  56  provides  the  eight  year  equipment  base  for  depreciation 
calculations,  (line  130) 

Line  60  totals  the  equipment  Input. 

Line  70  Is  the  cash  flow  adjustment  Input. 

Line  80  sums  the  capital  category  of  Investment. 

Line  90  sums  the  total  Investment  dollars. 

Line  100  through  170  provide  for  the  depreciation  calculations  of  the 

I 

capital  Investment. 

Line  180  provides  for  the  depreciation  recovery  calculation. 

Line  190  provides  for  the  expause  recovery  calculation. 

Line  200  Is  the  Government  savings. 

Line  210  Is  the  Commercial  savings. 
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Line  220  1$  the  Major  Program  savings. 

Line  230  provides  for  the  Incentive  savings  calculation  as  a  percentage  of 
the  Major  Program  Savings. 

Line  240  provides  for  the  retained  savings  calculator. 

Line  250  provides  for  profit  on  depreciation  and  expense  recovery. 

Line  260  averages  the  line  250  calculation. 

Line  270  provides  for  the  loss  of  profit  savings. 

Line  280  averages  line  270. 

Line  290  provides  for  the  cost  of  money  calculation. 

Line  300  calculates  the  Income  before  taxes  (IBT). 

Line  310  provides  for  this  Income  after  tax  calculation. 

Line  320  provides  for  Investment  tax  credit  or  equipment  Investment. 

Line  330  provides  for  the  tax  adjustment  on  the  ACRS. 

Line  340  provides  for  the  tax  adjustment  on  the  expense  recovery. 

Line  350  sums  the  elements  of  Net  Cash  Flow. 

Line  360  provides  for  the  Investment  Input  of  the  Rate  of  Return 
calculation. 

Line  370  provides  for  the  cash  flow  Input  of  the  Rate  of  return 
calculation. 

Line  380  provides  for  the  function  of  next  year  rate  of  return  calculations 

Line  390  provides  for  the  function  of  a  ten  year  matrix  rate  of  return 

calculation. 

Line  400  sets  of  column  eleven  as  a  total  column. 
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This  section  describes  the  Oiscoeoted  Cash  Plow  (DCF)  Model  illustrated  in 
Table  B-l  and  the  spreadsheet  program  that  ealenlates  the  various  entries  for 
it.  The  objective  of  the  DCF  Model  is  to  provide  a  basis  for  analysing  a 
proposed  Xndsstrial  Modernisation  Incentives  Prog raw  (XMXP)  business 
arrangasMnt  for  the  contractor,  the  Department  of  Defense  (DoD),  and  the 
Covernmant.  The  s»del  has  bean  prepared  for  nse  with  a  computerised 
spreadsheet  financial  program.  Consequently,  recalculation  of  the  results 
with  varying  assumptions,  particularly  different  incentive  arrangements ,  is 
quite  easy  and  should  aid  the  negotiation  process.  The  DCP  Model  is  described4’ 
by  output  report  line  number.  Model  input  conventions  are  also  described. 

CPU  DATA  (LIMP  1-4) 

The  data  appearing  in  this  section  are  repeated  automatically  once  specified 
in  the  model's  input  portion  (see  the  bottom  portion  of  Table  1-1). 

1.  Contractor  IhTtftMlt  This  is  the  time-phased  forecast  of 
expenditures  for  facilities  to  be  acquired.  Included  are  any  costs  normally 
capitalised  by  the  contractor  (e.g.,  installation  costs).  It  is  possible  that 
the  proposed  facilities  investment  will  be  employed  on  both  commercial  and 
Coveriunant  work,  and  on  DoD  programs  other  then  those  participating  in  the 
XMIP  incentive.  When  multiple  use  of  these  facilities  is  anticipated,  the 
investment  value  entered  in  the  model  should  correspond  to  the  share  allocated 
to  DoD  work  and  not  the  entire  investment  value.  The  DoD-allocated  share  of 
investment  should  be  based  on  the  allocation  method  normally  used  to  assign 
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Cose  Accounting  Standard  (CAS)  409  depreciation  costs  to  DoO  effort.  Mote 
that  all  DoO  work,  not  just  progress  participating  in  the  HUP  incentive, 
should  be  ehe  basis  for  allocating  the  investment,  since  non-participating  DoO 
pragma  also  benefit  froa  the  investment  and  bear  their  share  of  invsstoent- 
ralated  costs  such  as  depreciation  and  iaputed  coat  of  money. 

Investment-sssociated  coata  that  art  raiabursad  directly  by  the  Govern- 
aent,  such  as  DUP  Phase  I  end  IX  expenses ,  are  excluded  hare  and  reported  on 
Lina  3  (DoO/ Gore  naan  t  funding).  Investment-related  costs  raiabursad  by  the 
Govenaent  in  overhead  are  alao  excluded  froa  the  DCf  Ho  del.  They  are 
included  in  the  DoD  Benefit  Analysis  (see  Itaa  S.5  of  Table  1  in  the  basic 
docuaMttt),  where  they  are  recognised  as  pert  of  overhead;  they  effectively 
"wash  out”  for  the  contractor  and  are  considered  only  in  the  confutation  of 
Savings  Available  to  DoD  (Line  4). 

Contractor  ioveataent  expenditures  are  entered  directly  into  the  input 
portion  of  the  spreadsheet,  in  the  coluana  for  the  years  when  they  are 
expected  to  be  incurred.  Tear  1  is  thus  defined  as  the  first  year  in  which  a 
contractor's  capital  expenditure  oceurs.  Such  expenditures  nay  occur  well 
before  an  asset  is  placed  in  service.  The  DCf  Hodel  allows  for  tiaing  differ¬ 
ences  between  expenditures  and  initial  depreciation  recovery  (capitalisation) 
by  an  input  for  the  year  the  asset  is  first  placad  in  service.  Placing  an 
asset  in  service  in  Tear  3,  for  snap  la,  iaplies  that  expenditures  began  in 
Tear  l  of  the  analysis,  while  capitalisation  begins  in  Tear  3. 

Additional  inveatnanta  for  facilities  placed  in  service  after  the  initial 
iovestaeat  is  first  capitalised  can  alao  be  entered  in  the  aodel’s  input 
portion.  Investments  entered  in  years  after  the  initial  iavestaent  is  first 
capitalised  are  iaediately  capitalised  in  the  year  the  investment  is  entered 
in  the  nodel. 
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2.  Contractor  Expenses.  Those  itoas  art  for  expenses  associated  with 
the  aboTe  investment  process  that  are  incurred  by  the  contractor  and  not 
reflected  in  Government  contract  pricing.  DUP  Phase  I  and  XI  expenses  are 
examples,  provided  they  are  net  reimbursed  directly  or  indirectly  by  the 
Goto  went.  Other  exaaples  are  enfineerinf  effort  expended  in  conjunction 
with  the  iareetattat  that  are  not  capitalixed  in  the  investaeat  cost  and  not 
otherwise  relabursed  by  the  Government.  If  such  engineering  effort  is 
directly  reiabursed  by  DoO,  it  is  entered  in  the  OoO/Gorernaent  Funding  line 
of  the  DCT  Model's  input  portion.  Xf  relabursed  indirectly,  it  appears  in 
Xtea  S.S  of  the  DoO  Benefit  Analysis.  Contractor  expenses  are  entered  in  the 
oar  Model  for  the  year  incurred.  Generally,  they  are  prior  to  or  coincident 
with  the  year  la  which  the  asset  is  placed  in  service  and  depreciation 
recovery  begins. 

3.  DoD/flovornaent  Fundine.  DoD/Govemaeat  Funding  is  the  total  DoD  and 
other  Goveraaoat  cost  of  iapleaenting  the  IMX?  —  funded  directly.  This  cost 
generally  results  froa  DoD- initiated  projects  funded  directly  by  DoD. 
Investment -related  costs  relabursed  indirectly  in  overhead  are  included  in 
Itea  S.S  of  the  DoD  Benefit  Analysis  ae  noncapitalised  investaeat  expenses. 

Line  3  costa  are  entered  directly  into  the  prograa  in  the  coluan  for  the 
year  they  were  or  are  expected  to  be  incurred.  In  all  likelihood,  these  costs 
represent  early  Phase  X  and  XX  effort  and  thus  occur  before  any  contractor 
expenditures  for  facilities  acquisitions .  Since  Tear  1  is  defined  as  the 
initial  year  when  facilities- related  casts  occur.  Line  3  costa  already  nay 
have  occurred  before  Tear  1.  Direct  DoD/Govemaeat  funding  affects  only 
DoO/Govenaent  benefits  and  casts  end  net  contractor  cash  flow  or  return. 
Consequently,  Line  3  costs  incurred  before  Tear  1  cam  bo  sunned  and  entered  in 
Tear  1  of  the  analysis. 
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4.  Saviors  Available  to  DoD.  These  savings  com  from  Column  6  of  the 
OoO  Benefit  Analysis,  which  should  be  prepared  on  an  annual  basis  over  the 
life  of  the  prograa  or  service  life  of  the  aaaets  (see  Appendix  A).  The 
annual  dollar  value  is  entered  directly  into  the  input  portion  of  the  prograa 
for  the  year  in  which  the  Savings  Available  to  DoO  are  anticipated  to  occur. 
If  supportable,  Savings  Available  to  OoO  can  be  entered  for  years  beyond  the 
life  of  a  particular  prograa,  and  even  beyond  the  uaeful  service  life  used  for 
asset  depreciation  purposes.  The  period  of  analysis  for  the  DCF  Model  is 
user-specified  and  generally  should  confora  to  the  service  life  used  for  asset 
depreciation  purposes. 

The  next  two  sections  together  comprise  the  contractor  increaental  .cash 
flow  analysis:  Lines  3-11  give  the  before- tax  cash  flow,  and  Lines  12-16  are 
used  to  calculate  the  after-tax  cash  flow.  The  after-tax  cash  flow  streaa  is 
then  used  to  determine  the  contractor's  internal  rate  of  return  (DUt)  on  his 
facilities  inveataent. 

DfCRDgRTAL  CASH  FLOW  (HUM  5-11) 

5.  Productivity  Sa vines  Reward.  This  is  the  aaount  of  incentive  pay- 
neat  to  the  contractor  to  encourage  the  proposed  facilities  investaeats  under 
the  IMIP  concept.  The  incentive  is  funded,  in  principle,  froa  a  portion  of 
the  Savings  Available  to  DoD.  Cost  savings  on  existing,  priced  contracts  aay 
accrue  partly  or  totally  to  the  contractor,  depending  on  the  type  of  the 
contract.  If  existing  contracts  priced  before  the  proposed  investaeat  will 
benefit  froa  the  iavestasnt,  the  benefits  to  the  contractor  aay  be  included  as 
if  they  were  part  of  the  incentive  payaent. 

It  is  anticipated  that  the  contractor  will  propose  the  Productivity 
Savings  Reward.  The  DCF  analysis  will  shew  the  contractor's  DtX  iaplied  by 
the  proposed  incentive.  The  incentive  can  then  be  adjusted  upward  or  downward 
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until  agreement  is  reached.  Wo  unique  incentive  stream  is  associated  with  a 
particular  contractor  IAR.  Instaad,  a  aalactad  atrtan  can  ba  tailored  to 
particular  contracting  circunatancaa  while  achieving  the  desired  contractor 
OK. 

The  Productivity  Savings  Inward  is  entered  directly  by  the  user.  The 
progran  will  evaluate  this  propeeal.  Line  22  display*  the  contractor  IR*  for 
the  Froductvity  Savings  Inward  and  alee  that  which  results  when  no  incentive 
is  provided. 

6.  Cost  of  Money  (CAS  414).  CAS  414  "Iaputed  Facilities  Capital  Cost 
of  Money”  le  included  in  contract  price  as  an  allowable  cost  (see  Federal 
Acquisition  Regulation  (FA*)  31.209*10).  The  payment  is  an  alcnent  of  .con¬ 
tractor  cash  inflow,  since  it  is  an  iaputed  coat;  for  the  contractor  there  is 
no  corresponding  cash  outflow.  The  CAS  414  payuent  le  based  on  the  remaining 
undepreciated  balance  (i.a.,  set  book  value)  of  the  proposed  facilities 
investment.  For  each  year,  the  boginning  and  ending  net  book  values  are 
averaged  to  determine  the  applicabla  book  value.  This  average  book  value  is 
then  aultiplied  by  the  "coat  of  neney  rate,”  supplied  by  the  user  as  an  input, 
to  yield  the  total  dollar  payuent  for  CAS  414.  The  entire  calculation  is 
automatically  performed  by  the  nedel. 

7.  CAS  40t  Depreciation.  Annual  depreciation  expense  is  an  allowable 
cost  on  Government  contracts  under  FA*  31.203*11  and  is  a  source  of  cash 
inflow  to  the  contractor.  Depreciation  is  the  delayed  cash  inflow  that  off¬ 
sets  the  initial  cash  outflow  incurred  te  acquire  additional  facilities.  The 
annual  amounts  appearing  on  this  linn  depend  on  the  asset  service  life  and  the 
nethed  of  depreciation  used.  The  amounts  appearing  are  generated  automati¬ 
cally  by  the  program  after  selection  of  service  life,  the  year  capitalization 


begina,  and  depreciation  method  for  the  assoe  value  aaauaod.  la  the  event 
CAS  417  appliee,  the  capitalized  acquisition  value  aay  bs  increased  to  conform 
with  it. 

The  model  allows  for  selection  from  among  a  number  of  the  more  cooeon 
eethoda  of  depreciation  encountered  in  prectics.  This  aelsetion  is  accomp¬ 
lished  by  entering  the  number  of  the  selected  method  and  the  aeset  service 
lifs  in  years  in  the  program's  input  portion.  The  methods  available  and  a 
description  of  the  techniques  used  to  generate  annuel  CAS  409  depreciation  are 
as  follows: 

Method  1.  Straight  Line:  This  method  assumes  an  squal  amount  of  depre¬ 
ciation  in  each  year  of  the  asset  service  life.  The  annual  depreciation 
amount  is  given  by  the  formula: 


Annual  Depreciation  » 


Cost  -  Salvaee  Value 
Asset  Service  Lifs” 


Cost  is  defined  ss  the  full  asset  acquisition  cost,  including  all  costs 
normally  capitalized.  It  is  reduced  by  the  estimated  salvage  value  for 
depreciation  purposes,  but  only  if  the  salvage  value  ie  10  percent  or  more  of 
the  total  aeeet  acquisition  cost. 

Method  2.  Sum-of -Tears  Digits:  Annual  depreciation  is  given  by  the 

formula: 


Annual  Depreciation  • 

Humber  of  Ksmeinlnz  Tears  Service  Life  r  (Coot  -  Solvate  Value) 
Sum-of-the-Tesrs  Digits  Service  Life  — — 

The  Sum-of-the-Tears  Digits  Service  Life  is  computed  by  adding  the  digite  of 
the  number  of  years  in  the  asset  service  life.  Tor  example,  if  the  aeeet 
service  life  ie  five  years,  the  digits  1  through  S  total  IS  (1+2+3+4+5),  and 
the  first  year's  depreciation  is  1/3  (3/15)  of  the  total  to  be  amortized.  The 
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depreciation  basis  is  full  sssat  acquisition  cost  loss  salvago  value.  As  with 
Method  1,  if  salvage  value  is  less  than  10  percent  of  acquisition  cost, 
salvage  value  is  treated  as  zero  for  purposes  of  depreciation  calculation. 

Method  3.  Sua-of-Tears  Digits  with  Ealf-Tear  Convention:  This  aethod 
applies  a  Ealf-Tear  Convention  to  the  Sua-of-Tears  Digits  Method.  Under  it, 
the  annual  depreciation  aaounts  are  computed  exactly  as  in  the  Sua-of-Tears 
Digits  described  in  Method  2;  however,  the  aaounts  to  be  depreciated  are 
shifted  by  one-half  year.  Thus,  in  the  first  year,  one-half  of  the  aaount 
coaputed  in  Method  2  is  allowed.  Zn  Tear  2,  the  raaaiaing  depreciation  froa 
Tear  1  sad  one-half  the  Method  2  depreciation  aaount  for  Tear  2  are  allowed. 
This  one-half  year  shift  continues  until  the  ead  of  the  asset  service  ).ife. 
One  year  after  the  asset  service  life  ends,  the  raaaiaing  one-half  of  the 
Method  2  depreciation  aaount  is  taken. 

Method  4.  ISO  Percent  Declining  Balance:  The  annuel  depredation  ex¬ 
pense  for  this  aethod  is  coaputed  as  follows: 

Annual  Depredation  • 

(1/Asset  Service  Life)  x  1.5  s  (Cost  -  Aceuaulated  Depredation) 

Under  this  aethod,  the  cost  is  not  reduced  by  the  salvage  value  in  the  depre¬ 
ciation  calculations;  however,  the  asset  is  depredated  only  down  to  its 
salvage  value.  As  with  the  other  aethods,  salvage  value  is  ignored  if  it  is 
less  than  10  percent  of  the  acquisition  cost. 

Method  3.  ISO  Percent  Declining  Balance  with  Switch-over  to  Straight 
Lina:  This  aethod  uses  the  declining  balance  described  in  Method  4.  However, 
a  switch-over  to  straight-line  depredation  (Method  1)  ia  aade  at  the  point 
where  the  declining  balance  depredation  aaount  becoaas  less  than  that  which 
would  be  allowed  under  the  straight-line  aethod.  Again,  depreciation  is  not 
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allowed  below  Che  salvage  value,  sad  salvage  value  la  ignored  for  values  less 
than  10  pereeat  of  the  scquisltioa  cost. 

SOU:  These  aethods  include  the  aost  likely  patterns  of  allowable  deprecia¬ 
tion  for  contract  coat  purposes.  Soaetiaes,  however,  a  contractor's  proposal 
aay  aaploy  a  different  streaa  of  depraciation  charges  (one  reason  aight  be  a 
project  that  includes  assets  with  different  service  lives).  Under  these 
circnastaaces ,  the  user  aey  ignore  this  pert  of  the  input  portion  (see  the 
bottoa  portion  of  Table  1*1)  and  supply  directly  to  Line  7  of  the  output 
portion  the  year-by-yeer  depreciation  aaounts. 

S.  Profit  Kffect.  The  contractor's  total  profit  effect  rsflects  the 
fact  that  HUP  investaents  result  in  profit  dollars  that  vary  froa  what  would 
have  been  negotiated  with  the  old  aethed  of  production.  D1IP  investaents 
usually  result  in  a  net  reduction  in  "contractor  effort,"  so  that  profit  will 
ordinarily  fell.  This  effect  aay  be  offset  by  a  change  in  the  air  of  costa 
incurred  froa  costs  that  bear  low  profit  (e.g.,  arterial  acquisition)  to  coats 
bearing  higher  rates  of  profit  (e.g.,  engineering  lebor).  In  addition,  the 
investaent  in  facilities  capital  inerssses  the  contractor's  facilities  capital 
base,  which  bears  profit  under  Weighted  Guidelines.  Coluan  5  of  the  DoO 
Benefit  Analysis  provides  a  focast  fo’r  aeasuring  the  net  effset  of  the  invest¬ 
aent  on  annual  contractor  profit.  The  annual  values  sre  entered  into  the 
spreadsheet  input  portion  in  the  coluaas  for  the  years  in  question.  The 
profit  effect,  if  net  negative  initially,  will  uaually  becoae  negative  over 
tins  as  aasaal  depreciation  sad  undepreciated  balances  both  decline  snd  the 
full  cost-saving  effects  of  the  lavsataant  sre  realised. 

9.  Subtotal:  DoD  Cash  Flows  to  Contractor.  This  subtotal  represents 
the  before-tan  cash  flow  to  the  contractor  froa  DoD  srising  froa  the 
contractor's  facilities  investaent.  Cash  flow  froa  DoD  to  the  contractor  is 
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the  sub  of  the  Productivity  Savings  Reward  paysent  (Liao  5),  CAS  414  iaputed 
facilities  capital  cost  of  aoaay  (Lina  6),  CAS  409  dapraciatioa  oa  addltioaal 
facilities  capital  (Lina  7),  and  tha  profit  offset  (positive  or  aagativa) 
given  by  Linn  I.  Tha  DoO  caah  float  to  tha  contractor  raprssaat  tha 
additional  caah  flea  strata  to  tha  contractor  arising  froa  tha  investaent  and 
ita  of  facta  on  contract  price.  Caah  floa  froa  DoO  to  tha  contractor  is 
calculated  autoaatically  by  tha  prograa. 

10.  Salvage  Value.  Salvage  value  rap resents  an  anticipated  cash  inflow 
to  tha  contractor  at  tha  and  of  tha  investaeat’s  eatiaated  sarvica  lifa. 
Salvage  value,  if  significant,  any  be  entered  in  tha  DCf  Model's  input  portion 
for  tha  last  year  of  tha  asset1  a  depreciable  sarvica  lifa.  For  applicable 
depreciation  aathoda,  salvage  value  ia  autoaatically  deducted  froa  tha  CAS  409 
depreciable  basia  when  it  la  10  percent  or  aore  of  acquisition  costs. 

11.  Contractor  Before-Tan  Caah  Flow.  Before-tan  cash  flew  to  the  con¬ 
tractor  is  the  difference  between  all  cash  outflows  and  all  caah  inflows  to 
the  contractor.  Caah  outflows  are  contractor  investaent  (Line  1)  and  contrac¬ 
tor  expanses  (Line  2).  Caah  inflows  are  given  by  DoD  caah  flows  to  the 
contractor  (Line  9)  and  salvage  value  (Line  10).  Annual  contractor  before- tax 
caah  flow  is  then  the  son  of  Lines  1,  2,  9,  and  10,  where  outflows  are  treated 
aa  aagativa  values  and  inflows  ars  positive. 

Contractor  before-tan  cash  flow  is  antoautically  calculated  by  tha 
DCF  Model.  Tha  sign  of  the  annual  value  denotes  whether  the  contractor  enjoys 
a  net  inflow  (positive)  or  outflow  (negative).  Generally,  contractor 
before-tax  caah  flow  is  negative  (an  outflow)  ia  the  early  years  of  the 
analysis,  as  a  result  of  the  facilities  acquisitions .  The  cash  flow  straaa 
usually  turns  positive  (a  net  inflow)  following  the  facilities  acquisition  and 
raasina  positive  for  a  auaber  of  years.  A  net  outflow  aay  reoccur  whan  the 
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undepreciated  book  value  of  the  assets  declines  to  a  low  value  and 
depreciation,  CAS  414  payments,  and  Weighted  Guidelines  profit  on  facilities 
capital  employed  are  concoaitantly  low. 

TAX  CA1CUIATI0W  01303  12-16) 

The  objective  of  the  next  five  lines  is  to  calculate  the  contractor's 
Federal  incoee  tax  consequences  arising  froa  the  lavestaent.  Once  tax  liabil- 
ity  is  detesaiaed,  contractor  after-tax  cash  floe  can  be  detexained  as  the 
difference  betveen  before- tax  cash  flow  and  the  iacreaeatal  tax  consequences 
of  the  investaeat. 

12.  Accelerated  Cost  Recovery  Svstea  CkCtS)  Depreciation.  Additional 
contractor  net  caah  revenues  (i.e.,  contract  seles  dollars)  are  subjeep  to 
Federal  iacoae  taxes.  Under  tax  law,  the  contractor  is  allowed  to  deduct 
depreciation  charges  froa  additional  net  cash  revenues,  using  ACIS 
depreciation  guidelines.  Additional  contractor  net  cash  revenues,  less  ACXS 
depredation  charges,  determine  iacraaeatal  iacoae  subject  to  Federal  incoee 
taxes.  ACIS  tax  depreciation  generally  differs  froa  CAS  409  cost  principles 
depredation.  Under  tax  conventions,  the  depreciable  basis  to  which  ACIS 
depreciation  is  applied  is  reduced  to  95  percent  of  the  capitalised  value  of 
the  investaeat.  This  treataeat  reflects  the  convention  applicable  under  tax 
code  when  a  10-percent  investaeat  tax  credit  is  taken.  If  a  reduced  invest- 
neat  tax  credit  is  taken*  the  depreciable  basis  for  ACXS  depreciation  is 
100  percent  of  the  asset's  capitalised  acquisition  value. 

The  aannal  ACIS  tax  depreciation  charges  appesring  on  Line  12  are  gen¬ 
erated  by  the  prograa  oe  the  basis  of  the  value  of  the  contractor's  investaent 
(Line  1)  and  the  ACIS  tax  depredation  aothod  selected.  The  user  selects  the 
ACIS  aothod  froa  the  two  available  aetheda  (standard  tables  or  straight  line) 
displayed  in  the  input  section.  The  user  east  also  specify  the  asset  service 
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lift  (celled  cote  recovery  clast)  applicable  to  ACRS  tax  depreciation.  The 
user  alee  speclfiee  the  year  that  the  asset  la  placed  la  service  for  ACRS 
depreciatioa  purposes. 

ACM  Depreciation  Methods 

Method  1.  Standard  ACM  Tables  for  Three-,  live*,  aad  Tea-Tear 
Cost-lecover?  Claeses:  This  eethod  uses  rates  provided  by  staadard  Iateraal 
Keveaue  Service  tables  for  the  various  cost-recovery  classes.  The  rates  ia 
these  tables  are  applied  to  the  full  acquisition  cost.  If  a  full  laves taeat 
credit  la  takes  for  the  particular  class  (10  percent  for  five-  aad  tea-year 
aad  A  percent  for  three-year),  the  depreciation  base  la  reduced  by  oae-balf 
the  lavestaant  credit  taken.  Salvage  value  la  Ignored  under  this  nephod. 

Method  2.  Stral|ht-Llaa:  In  lien  of  the  staadard  ACM  depreciatioa 
allowances ,  the  user  nay  instead  select  the  straight-line  eethod.  The  annual 
depreciation  allowances  are  computed  according  to  the  specified  asset  service 
life  without  regard  to  selvage  value. 

13.  Contractor  Tenable  Incone.  Iacone  subject  to  Federal  iacoee  tax  is 
the  difference  between  the  contractor's  additional  ant  cash  revenues  aad  ACRS 
tax  depreciation  charges.  Additional  net  cash  revenues  associated  vith  the 
facilities  iavestnsnt  are  DoO  Cash  Flows  to  Contractor  (Line  9)  plus  Sslvage 
Value  (Line  10)  elans  Contractor  Expenses  (Line  2).  Taxable  iacone  la  Line  13 
is  thus  additional  not  cash  revenues  (Line  9  plus  Line  10  eiaus  Liao  2)  eiaus 
ACM  depreciatioa  charges  (Line  12).  Taxable  iacone  is  confuted  autoeatically 
by  the  DCF  Bedel  for  each  year  covered  by  the  analysis. 

14.  Contractor  lacuna  Tax.  Iacone  subject  to  Federal  iacone  tax,  given 
by  Line  13,  tines  the  contractor's  applicable  Federal  iacone  tax  rate, 
detexniaes  the  dollar  value  of  the  Federal  iacone  tax  liability.  The  tax  rste 
used  should  be  that  applicable  to  additional  taxable  iacone;  i.e.,  the 
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contractor's  ur|iaal  Federal  iacoaa  ear  bracket.  Generally,  this  will  bo 
44  par  cast,  although  othar  rataa  can  ba  used  if  appropriate.  This  procedure 
ass  was  that  the  Fadaral  income  tax  liability  is  paid  la  tha  year  ia  which  it 
accrues.  Xf  tha  contractor  defers  tha  liability  under  tha  "Completed  Contract 
Method,"  tha  cash  outflow  for  Federal  lacoms  taxes  is  postponed  until  contract 
completion.  To  allow  for  this  possibility,  a  user-specified  lag  has  been 
introduced  into  the  DCF  Medal.  The  user  specifies  the  onmber  of  years  by 
which  the  cash  outflow  for  income  taxes  lags  behind  the  accrued  tax  liability. 
A  two-year  lag,  for  example,  means  that  the  tax  liability  in  Tear  1  is  paid  in 
Tear  3,  the  liability  ia  Tear  2  in  paid  in  Tear  4,  and  so  on.  All  unpaid 
taxes  are  assumed  paid  ia  the  final  year  of  the  analysis.  Finally,  note 'that 
income  tax  refers  only  to  Federal  Income  taxes;  state,  local,  and  other  uses 
are  allowable  costs  and  are  generally  reimbursed  as  indirect  costs  (see 
FA*  31.205-41). 

IS.  Inweataent  Tax  Credit.  An  investment  tax  credit  is  added  to  con¬ 
tractor  cash  inflow  or,  equivalently,  subtracted  from  the  contractor's  tax 
liability,  to  reflect  the  investment  tax  credit  applicable  under  tax  lav.  The 
credit  ia  generally  calculated  using  10  percent  of  the  asset's  capitalized 
acquisition  value  and  credited  when  the  asset  is  first  placed  in  service.  A 
4-percent  credit  applicable  to  assets  in  a  three-year  cost  recovery  class  is 
also  possible.  The  DCF  Model  automatically  applies  a  10-percent  iavescaent 
tax  credit  for  tha  year  the  asset  la  placed  in  service  and  capitalised.  The 
10-percent  credit  is  applied  to  the  cumulative  value  of  Line  1  iavestnent  up 
to  the  time  tha  asset  is  placed  ia  service.  The  user  can  override  the  10-per- 
cent  credit  with  another  value  (e.g.,  tha  4  percent  applicable  to  the 
three-year  cost  recovery  class).  User  input  for  the  investment  tax  credit 
percentage  is  described  in  tha  input  portion. 
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16.  Contractor  After-Tax  Cash  Flow.  This  s trass  represents  the 
incraaental  ut  cash  flow  accruing  eo  tho  contractor  as  a  result  of  tht  in* 
vstaent.  This  streaa  is  the  ou  representing  the  financial  outcoae  of  the 
contractor's  isvstaont  sad  tho  one  froa  which  an  £XX  is  conputed .  After* tax 
cash  flow  is  conputed  by  subtracting  contractor  iacoao  taxes,  adjusted  for  any 
invstaant  tax  credit,  froa  before-tax  cash  flow.  Thus,  the  contractor's 
after-tax  cash  flow  (Liao  16)  is  tho  sub  of  Lines  11,  14,  and  IS,  where  a 
positive  value  reflects  a  cash  inflow  sad  a  negative  value  a  cash  outflow. 
SUMMIT  (Lm S  17-13) 

Tho  suanory  begins  with  DaD  and  Cove  meant  benefits;  a  year-byyear 
tracking  of  costs  and  benefits  arising  froa  the  contractor  investment. 
Benefits  to  DaD  are  these  listed  in  Line  4,  Savings  Available  to  DoD.  These 
benefits  were  calculated  froa  Coluaa  6  of  the  DoD  Benefit  Analysis  as  the 
potential  contract  price  change  arising  froa  the  productivity-enhancing 
inveetaent  before  any  Productivity  Savings  Inward  payaenta.  Thus,  the  Do D 
Prograa  Benefit  is  equal  to  Line  4,  Savings  Avsilable  to  DoD,  less  any 
Productivity  Savings  Inward  (Line  S)  and  DoD/Goveraaent  Funding  (Line  3). 
Under  this  definition,  a  positive  value  indicates  a  net  benefit  to  DoD  (i.e., 
price  reduction  in  excess  of  incentives  and  direct  funding),  while  a  negative 
value  indicates  a  cost  to  DoD.  The  Gov  meant  benefit  reflects  tax  recoupaent 
by  the  Govmaeat  and  thna  generally  exceeds  Do D  Prograa  Benefit. 

17-11.  DoD  Protraa  Benefit.  DoD  Prograa  Benefit  represents  the  annual 
net  benefit,  if  poaitiv,  or  cost,  if  aegativ,  froa  the  IMP  investaent. 
This  vine  is  the  difference  between  the  annual  price  reductions  anticipated 
froa  the  iavataent  (Savings  Avilable  to  DoD,  Line  4)  less  any  Produc¬ 
tivity  Savings  leward  payment  (Line  5)  and  DoO/Govmnent  Funding  (Line  3). 
Typically,  DoD  Prograa  Benefit  is  aegativ  (i.e.,  a  cost)  in  early  years  of 


194 


the  analysis,  when  funding  and  cash  flow  payaents  by  OoO  to  tba  contractor  are 
at  their  high  levels .  Lina  17  givsa  DoO  Prograa  Benefit  when  the  Productivity 
Savings  Reward  of  Line  S  ia  aet  at  aero.  The  purpoae  of  thia  calculation  is 
to  indicate  the  aagaitude  of  DoO  Prograa  Benefit  without  an  incentive  payaant. 
Line  18  ahowa  DoD  Prograa  Benefit  after  deduction  of  the  Productivity  Savinga 
Reward. 

19.  DoD  Payback  Period.  DoD  and  Governaant  raturna  are  indicated  by 
payback  periode:  the  ouaber  of  years  froa  the  tine  benefits  are  first  nega¬ 
tive  until  they  bacoaa  positive.  Payback  is  a  particular  representation  of 
return  where  discounting  ia  not  perfomed  and  the  value  of  benefits  and  costs 
beyond  the  payback  period  ia  not  considered.  Payback  period  represents'  the 
tine  required  to  natch  DoD -incurred  costa  with  benefits.  DoD  benefits  are 
likely  to  be  negative  (i.e.,  costa)  during  the  early  period  of  the  analysis, 
since  savings  benefits  are  usually  phased  ia  slowly  and  related  costa  such  as 
depreciation  and  CAS  414  payaenta  are  at  their  highest  level  during  that 
period.  The  aodel  autoaatically  coaputes  the  DoD  payback  period  using  DoD 
Prograa  Benefit  (Line  It).  Payback  period  is  coaputed  as  the  aaount  of  tiee 
the  cuaulative  value  of  Line  II  ia  negative. 

20.  Governaant  Benefit.  Thia  value  is  found  by  adding  the  contractor's 
tax  payaant,  less  any  iavestaent  tax  credit,  to  the  net  DoD  Prograa  Benefit. 
Generally,  Governaant  Benefit  exceeds  DoO  Prograa  Benefit  and  thus  the  Govern- 
asnt  payback  period  is  shorter  than  the  DoD  payback  period.  The  aodel  auto¬ 
aatically  coaputes  Line  20,  Governaant  Benefit,  by  adding  Contractor  Incoae 
Tax  (Line  14)  to  DoD  Prograa  Benefit  (Lins  18)  and  deducting  Iavestaent  Tax 
Credit  (Line  15).  Thus,  the  Productivity  Savings  Reward  payaant  is  always 
included  ia  the  calculation  of  Governaant  Benefit. 
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21.  Govornaont  Payback  Period.  This  aeasurs  of  return  ro  the  Governaent 


it  calculated  on  the  bacia  of  the  Lina  20  baaafit/eoae  strata.  It  raprasants 
the  tlaa  required  for  the  Governaent  to  recoup,  in  the  foes  of  banafiti,  all 
Goto  want  coat  incurred  for  tlaa  project.  Tha  nodal  autoaatically  coaputaa 
tha  Gove  want  payback  period  by  coaaiderlat  tha  mount  of  tiaa  tha  cuaulative 
totals  of  Lina  20  are  oaf  a  tire. 

22.  Contractor  HI.  Tha  contractor  HI  ia  based  on  tha  after- tar  cash 
flow  streaa  reported  in  Lina  16.  Tha  HI  associated  with  this  cash  flow 
represents  that  rate  which  equates  tha  present  value  of  cash  inflow  to  tha 
present  value  of  cash  outflow.  Since  Lina  16  is  net  esah  flow,  a  negative 
entry  in  any  one  year  represents  a  net  cash  outflow  and,  conversely,  shod  tha 
entry  is  positive,  a  net  cash  inflow. 

Two  DQb  are  conputed  ia  tha  nodal:  one  rata  conaidariat  tha  after- 
tan  cash  flow  escluaive  of  any  Productivity  Soviets  toward  and  the  other 
including  tha  proposed  Productivity  Savings  Inward.  Tha  fomer  HI  sets  a 
floor  fron  which  tha  HI  can  be  increased  by  papuaat  of  such  an  incentive. 
Tha  HI  is  conputed  by  a  built-in  routine  ia  the  spreadsheet  prograa. 

23.  Contractor  Payback  Period.  In  addition  to  HI  as  a  aeasure  of  the 
financial  outeoae  of  tha  contractor  laves tnsnt,  a  payback  period  conputatioa 
ia  included  ia  tha  nodal.  Payback  period  tails  tha  contractor  tha  nunber  of 
years  required  to  recoup  his  Invostnant-rolatod  cash  outflow.  As  with  any 
payback  conputatioa,  tha  tiaa  value  of  noaey  (i.e.,  discounting)  and  tha  value 
of  benefits  beyond  tha  payback  period  are  not  considered.  Contractor  payback 
includes  tha  Productivity  Savings  Inward  payuaat  and  represents  tha  nunber  of 
years  fron  tha  paint  where  tha  emulative  after-tax  cash  flow  is  first  nega¬ 
tive  to  tha  tiaa  whan  it  becones  positive. 


HontT.  TXTOT3  AMD  CONVEMTIOKS 

A  complete  run  of  the  DCF  Model  is  accomplished  by  specifying  s  aunber  of 
inputs.  These  inputs  say  uka  the  forn  of  snnusl  values,  slnglt  rstss,  or 
integer  valuer  dene  ting  accounting  methods  or  conventions  used  in  the  nodal . 
Inputs  sad  conventions  of  the  aedel  are  described  below: 

1.  Munbsr  of  Tears  of  Analysis.  The  user  selects  the  nunber  of  years 
of  display  desired  at  the  outset  of  the  analysis,  by  pressing  the  "ALT”  and 
"A"  keys  simultaneously.  The  user  is  than  aaked  to  specify  the  nunber  of 
years  desired  (a  value  batmen  2  and  15).  The  progran  automatically  adds  the 
desired  aanber  of  colunas. 

2.  Innuts  of  Aanual  Values.  Annual  values  are  required  •  for 
seven  variables  in  the  first  part  of  this  Appendix.  The  annual  values  for 
these  variables  are  entered  in  the  nodal  input  section  and  then  are 
autenatlcally  reproduced  in  the  appropriate  lines  of  the  XT  Model  output 
report.  The  following  sign  conventions  apply  to  these  values: 

•  Contractor  Investment  -  positive  or  sere. 

•  Contractor  Expenses  -  positive  or  xero. 

-  OoO/Geveranent  funding  -  positive  or  sero. 

-  Savings  Available  to  DoO  -  A  price  reduction  is  denoted  by  a 

negative  sign  in  Celann  i  of  the  DoO  leaefit  Analysis  (see 

Table  A- 1  in  Appendix  A).  Such  s  reduction  is  entered  with  the 
oeeeaite  sign  in  the  OCT  Model.  (Positive  values  in  the  DCF 
Medal  for  this  line  represent  sawings  to  OoO,  while  negative 
values  indicate  costs  to  OoO). 

-  Productivity  Savings  toward  -  positive  or  ssro. 

•  Profit  Effect  -  Inter  with  the  same  sign  as  found  in  Coluan  5  of 

the  DeO  Benefit  Analysis.  A  negative  alga  indicates  "lost 

profit"  to  the  contractor  aad,  conversely,  positive  values 
indicate  increased  contractor  profit. 

-  Salvage  Value  •  positive  or  sero. 
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3.  Rates  and  Accouaciat  Convtations. 


-  CAS  414  Rate  -  decimal  aqui/alant;  e.g.,  11.5  percent  catered  as 
0.115. 

•  CAS  409  Depreciation  Method  -  so  iaeeger  between  1  end  5,  cor* 
responding  to  the  aethod  selected. 

•  Aeeet  Sexrlce  life  •  an  integer  equal  to  the  nuaber  of  years  of 
asset  service  life  sssuaed. 

-  Tear  Placed  into  Service  -  an  integer  value  corresponding  to  the 
year  the  ssset  is  first  placed  in  service  and  CAS  409  depre¬ 
ciation  begins. 

-  AOS  Depreciation  Method  -  an  integer  corresponding  to  the  aethod 
selected  (1  or  2). 

-  Asset  Class  for  AOS  -  an  integer  corresponding  to  possible  ACKS 
service  life;  3,  3,  or  10  for  ACRS  Method  1  but  an  integer 
specifying  the  asset  service  life  for  AOS  Method  2. 

-  Contractor  Tan  late  -  narginnl  Federal  tacoae  tan  rate  entered  as 
the  da  deal  equivalent,  such  as  0.44. 

-  laves taent  Tan  Credit  Kate  -  s  percentage  rate,  generally 
10  percent,  entered  as  the  deciael  equivalent;  e.g.,  0.1. 

-  Completed  Contract-Tan  Leg  -  an  integer  value  representing  the 
lag  in  years  between  the  year  in  which  the  tan  liability  accrues 
and  when  it  is  paid  (0  iaplies  no  lag). 


APPENDIX  A. 3 


Detailed  Description  of  MFPMM 


MFPMM  Basks 


As  we  have  mentioned  earlier,  productivity  measurement  can  be  impeded  by 
product  variety  and  the  multiplicity  of  various  resources  utilized.  Person-hours 
cannot  be  combined  with  tons  of  steel,  dollars  of  capital  equipment,  kilowatt- 
hours,  and  so  forth  for  a  resource  total.  Nor  could  a  Westinghouse  or  a  General 
Electric  add  up  the  number  of  motors,  refrigerators,  electrical  components,  and 
so  forth  to  get  a  measure  of  total  product.  The  dollar,  in  the  case  of  the  United 
States,  is  a  convenient  common  denominator. 

Since  productivity  gains  or  losses  are  distributed  via  the  price  system  (the 
customer,  stockholder,  owner,  and  employee  benefit  or  lose  according  to  shifts 
in  productivity),  it  seems  appropriate  to  use  the  yardstick  of  that  system — 
money — to  analyze  the  distribution.  However,  the  dollar  or  any  other  currency 
is,  particularly  in  the  current  economic  period,  a  variable  standard.  Therefore, 
in  order  to  use  the  dollar  as  an  aggregating  measure,  the  variability  needs  to  be 
taken  out  (Davis,  1955).  One  major  characteristic  of  the  model  to  be  presented 
is  a  requirement  for  and  incorporation  of  a  "revaluing,"  devaluing,  or  indexing 
mechanism.  In  essence,  the  model  "partials  out"  or  holds  constant  price  and 
cost  changes  over  time.  This  is  accomplished  either  with  the  actual  revaluing  of 
outputs  and/or  inputs  prior  to  use  in  the  model  or  by  selecting  a  base  period 
for  the  model  and  "automatically"  indexing  prices  and  costs  back  to  that  period. 

The  bask  concept  of  productivity  measurement  utilizing  constant  value  prices 
and  costs  is  presented  in  Table  5.2.  As  one  can  see,  by  revaluing  or  indexing  to 
base  year  values,  the  analysis  simply  partials  out  or  removes  the  influence  in 
price  and  cost  changes  from  the  base  year  or  period  to  the  current  year  or  period. 
What  remains  is  the  constant  dollar  value  of  output  and  input  resource*  con¬ 
sumed.  When  these  two  values  are  compared  for  the  base  year,  we  establish  a 
productivity  ratio  labeled  output  per  dollar  of  input.  When  the  current  year  or 
period  productivity  ratio  is  compared  to  the  base  year  or  period,  we  establish  a 
productivity  index.  This  table  and  these  measures  of  productivity  are  consistent 
with  the  development  presented  in  Chapter  2. 

From  a  pragmatic  business  sense,  the  underlying  purpose  of  productivity 
measurement  and  evaluation  is  to  improve  business  operations  and  competitive 
position  so  as  to  enhance  accomplishment  of  longer-term  goals  of  survival, 
profitability,  missions,  effectiveness,  and  so  forth.  "Without  productivity  ob¬ 
jectives,  a  business  does  not  have  direction.  Without  productivity  measurement, 
it  does  not  have  control"  (Drucker,  1980).  The  MFPMM  can  be  utilized  to  measure 
productivity  change  in  labor,  materials,  energy,  and  even  capital,  although  it  is 
not  explicitly  treated  in  this  book.  It  can  also  be  used  to  measure  the  effects  of 
these  changes  separately  as  well  as  in  aggregate  on  corresponding  change  in 
business  profitability  or,  in  the  case  of  public-sector  nonprofit  firms,  in  budget 
maintenance.  As  van  Loggerenberg  and  Cucchiaro  (1982)  point  out,  this  "new" 
technique  can  be  utilized  to 

1.  Monitor  historical  productivity  performance  and  measure  how  much,  in  dol¬ 
lars,  profits  were  affected  by  productivity  growth  or  decline 

2.  Evaluate  company  profit  plans  to  assess  and  determine  the  acceptbility  and 
reasonableness  or  productivity  changes  in  relation  to  those  plans 
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Table  5.2  Illustrative  Calculation  of  Productivity  Change  Using  Output  and  Input 
Data  Revalued  at  Constant  Prices 

(Output  and  input  totals  in  millions  of  dollars) 


CIVEN  VEAR  REVALUED 

item 

BASE  VEAR 

AT  BASE-YEAR  PRICES 

Cue  A.  Increase  in  Productivity:  Profits  Earned  Both  Years 

Value  of  output 

$200 

$275 

Cost  of  input  (including  profit  at  base-year  rate) 

$200 

$250 

Output  per  dollar  of  input 

$  1.00 

$  1.10 

Productivity  change,  given/base  year: 

Percentage 

+  10  percent 

Per  dollar  of  input 

+  $  0.10  percent 

Total  dollars 

+  $  25 

Case  B.  Increue  in  Productivity:  Losses  Incurred  Both  Years 

Value  of  output 

$170 

$252 

Cost  of  input 

$200 

$280 

Output  per  dollar  of  input 

$  0.85 

$  0.90 

Productivity  change,  given/base  year: 

Percentage 

+  5.9  percent 

Per  dollar  of  input 

+  $  0.05 

Total  dollars 

+  $  14 

Case  C.  Decrease  in  Productivity:  Profits  Earned  Both  Years 

Value  of  output 

$200 

$228 

Cost  of  input  (including  profit  at  base-year  rate) 

$200 

$240 

Output  per  dollar  of  input 

$  1.00 

$  0.95 

Productivity  change,  given/base  yean 

Percentage 

-  5  percent 

Per  dollar  of  input 

-$  0.05 

Total  dollars 

-$  12 

touari:  H.S.  Davit.  Productivity  Accounting,  1955.  Reprinted  with  permitsion. 


3.  Measure  the  extent  to  which  the  firm's  productivity  performance  is  strength¬ 
ening  or  weakening  its  overall  competitive  position  relative  to  its  peer  group(s) 

These  three  uses  for  the  MFPMM  in  addition  to  the  eight  additional  uses  men¬ 
tioned  earlier  represent  significant  benefits  accruable  from  this  model. 

An  organization's  financial  performance  (one  of  the  seven  measures  of  per¬ 
formance  previously  mentioned)  is  a  result  of  interactions  of  a  wide  variety  of 
controllable  and  uncontrollable  factors.  Managers  in  organizational  systems  at¬ 
tempt  to  improve  performance  by  managing  (allocating,  utilizing,  controlling, 
delegating,  and  so  forth)  resources  under  their  control  while  being  constrained 
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or  influenced  by  the  uncontrollable  factors.  Typical  uncontrollable  factors  are 

•  economic  environment 

•  industry/market  growth  or  decline 

•  resource  prices  (costs),  particularly  in  an  inflationary  period 

•  rates  of  inflation  for  product  prices  versus  resource  costs 

•  budget  allocation 

•  organizational  processes  and  procedures 
Typical  controllable  factors  are 

•  technological  innovation 

•  resource  substitutions 

•  training  and  motivaton  of  employees 

•  asset  redeployment 

•  resource  quality 

It  is  interesting  to  note  that  a  number  of  variables  will  influence  or  determine 
which  specific  factors  a  given  manager  preceives  as  controllable1  or  uncontroll¬ 
able.  Such  variables  as  position  with  the  firm,  personality  type,  leadership  style, 
and  locus  of  control  will  shape  the  manager's  perceptions.  It  would  seem  rea¬ 
sonable  that  a  manager's  actual  behaviors  are  affected  more  directly  and  strongly 
by  perceptions  than  "reality."  Managers  today  view  themselves  as  being  sig¬ 
nificantly  constrained  by  uncontrollable  factors.  This  is  a  potentially  conse¬ 
quential  dilemma  with  respect  to  prospects  for  productivity  improvement. 

The  MFPMM  makes  it  possible  to  measure  explicitly,  in  terms  of  dollars  the 
profit  impacts  of  these  uncontrollable  as  well  as  controllable  factors  and  to  de¬ 
termine  and  analyze  how  various  management  strategies  could  increase  or  de¬ 
crease  profitability.  Fundamentally,  profit  change  comes  about  because  of  a 
difference  between  revenues  and  costs.  If  revenues  increase  faster  than  costs, 
there  would  obviously  be  a  positive  change  in  profits  (see  Figure  5.1).  Yet  rev¬ 
enues  and  costs  do  not  always  present  a  complete  picture  because  of  underlying 
complex  relationships  between  controllable  and  uncontrollable  factors.  There¬ 
fore,  as  Davis,  and  Scott  (1950)  before  him,  pointed  out,  "(t)he  net  profit  figure 
alone  is  an  inadequate  basis  for  judgment  as  to  whether  industrial  operations 
are  being  carried  out  efficiently  and  labour  and  materials  utilized  effectively;  it 
may  merely  tell  us  that  a  satisfactory  balance  has  been  struck  between  the  value 
received  and  the  value  given."  With  essentially  the  same  basic  accounting  in¬ 
formation  used  to  calculate  revenues  and  costs,  however,  it  is  possible  to  use 
the  MFPMM  to  gain  additional  and  significantly  more  detailed  insight  into  what 
is  driving  profits. 

Column  1  of  Figure  5.2  depicts,  as  presented  in  Chapter  2,  the  basic  produc¬ 
tivity  index  relationship,  a  change  in  output  quantities  over  a  change  in  resource 
quantities.  In  every  organizational  system,  there  exists  a  unique  productivity 
index  for  each  resource.  Column  2  depicts  what  has  been  called  a  "price  recovery 
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Figure  5.2  Productivity,  Price  Recovery,  Profitability  Relationship. 
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Figure  5.3  Basic  Factors  and  Interrelationships  Contributing  to  Performance 
(Adapted  from  B.  J  van  loggerenberg  and  S.  J.  Cucchiaro,  "Productivity  Meas¬ 
urement  and  the  Bottom  Line,"  National  Productivity  Review,  Winter  1981-82) 

index."  The  price  recovery  index  is  a  change  in  output  prices  over  a  change  in 
resource  costs  (prices).  Column  3  reflects  the  profitability  index,  a  change  in 
revenues  over  a  change  in  costs.  Note  that  if  all  other  factors  are  held  constant, 
namely  prices  and  costs,  a  positive  change  in  the  productivity  index  will  cause 
or  translate  into  a  positive  change  in  profits.  Similarly,  if  quantities  are  held 
constant  and  the  price  recovery  index  is  positive  (output  prices  increase  at  a 
faster  rate  than  resource  costs),  then  profits,  at  least  in  the  short  run,  will  be 
positive.  Figure  5.3,  adapted  from  van  Loggerenberg  and  Cucchiaro,  is  another 
representation  of  these  relationships. 

The  MFPMM  reflects  an  attempt  to  add  to  and  enhance  conventional  profit 
analysis  represented  by  Column  3.  The  ability  to  evaluate  profitability  changes 
in  terms  of  where  they  come  from  and  how  they  were  caused  is  increasingly 
coming  to  be  viewed  as  an  important  control  system  element.  Similar  to  rede¬ 
signing  the  control  panel  for  an  aircraft,  we  are  beginning  to  see  management 
in  the  United  States  reevaluate  the  instruments,  dials,  knobs,  and  controls  in 
the  control  system  for  organizations. 


Description  of  the  MFPMM 

Table  5.3  depicts  the  format  for  the  MFPMM.  The  easiest  way  to  describe  the 
model  is  to  work  through  the  format  with  an  example,  moving  from  left  to  right 
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Table  5.3  Multiple  Productivity  Me 
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or  from  Column  1  to  Column  19.  For  the  purpose  of  instructional  clarity,  a 
simple  example  involving  a  fiberglass  boat  manufacturer  is  utilized  to  explain 
and  "teach"the  workings  of  MFPMM. 

Columns  1-6 

The  first  six  columns  of  the  MFPMM  are  data  input.  Column  1  represent;  quan¬ 
tities  of  outputs  the  organizational  system  produced  and/or  sold  and  quantities 
of  input  resources  consumed  in  order  to  produce  those  outputs  for  period  1.  As 
mentioned  previously,  period  1  in  this  model  will  be  designated  as  a  base  period. 
Selection  of  a  base  period  is  primarily  a  matter  of  selecting  a  representative 
period  in  time  against  which  you  wish  to  compare  current  period  performance. 
It  might  be  a  period  of  time  in  1967,  which  just  happens  to  be  the  base  year 
utilized  in  the  consumer  price  index.  Or  it  might  be  a  unique  period  in  time 
representative  of  current  business  conditions.  The  base  period  designation  can 
be  "standards"  or  even  simply  last  period.  However,  note  that  if  one  selects 
the  last  period  as  the  base  period  and  hence  allows  the  base  period  to  change 
each  time  the  current  period  moves  ahead,  then  the  built-in  indexing  mechanism 
in  the  model  is  negated.  In  such  a  case,  an  external  indexing  mechanism  will 
have  to  be  imposed.  This  involves  utilizing  a  published  index,  such  as  the 
producers  price  index  or  the  GNP  index.  For  more  detail  on  indexing,  refer  to 
Anderson,  Sweeney,  and  Williams  (1981)  and  American  Productivity  Center 
(1978). 

Recall  also  that  the  organizational  system  boundaries  or  unit  of  analysis  for 
this  model  are  flexible.  A  productivity  process  modeling  exercise  should  precede 
any  attempted  development  of  an  application  of  the  MFPMM.  This  will  ensure 
accurate  definition  of  unit  of  analysis,  inputs,  outputs,  and  outcomes.  Another 
parameter  to  be  determined  prior  to  application  of  this  model  is  the  length  of 
the  analysis  period.  Depending  on  decision-maker  needs  and  interests,  data 
availability,  product  cycle  time,  and  so  forth,  the  length  might  be  almost  any 
period  of  time  (weekly,  monthly,  quarterly,  semiannually,  annually).  When 
determining  the  length  of  the  period,  keep  in  mind  your  data  collection  needs 
and  data  matching  requirements.  The  goal  is  to  match  outputs  produced  during 
a  given  period  to  the  input  resources  utilized  during  that  same  period  in  time. 

So,  Column  1  represents  quantities  of  outputs  produced  during  the  base  period 
and  quantities  of  inputs  utilized  to  produce  those  outputs  during  the  same  base 
period.  Table  5.4  depicts  data  for  the  base  period  of  our  boat  company  example. 
Note  that  in  period  1  (base  period)  the  company  produced  50  Boat  As  and  30 
Boat  B s,  and  utilized  320  units  (in  this  case,  hours)  of  management  labor,  800 
units  (hours)  of  fiberglass  labor,  1120  units  (hours)  of  assembly  labor,  2200  units 
of  fiberglass,  750  units  of  wood,  8000  units  (in  this  case,  KWHs)  of  electricity, 
and  100  units  (in  this  case,  MCF)  of  gas.  Note  also  that  the  scale  or  units  utilized 
for  outputs  and  inputs  is  a  decision  that  can  be  made  by  the  analyst.  In  addition, 
the  number  and  dass  of  categories,  types  (subcategories),  and  levels  (sub-sub- 
categories)  in  inputs  and  outputs  (the  rows  in  the  model)  is  a  decision  that  can 
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Table  5.4  LINPRIM  Boat  Company  Example  (VPI/VPC  Version  MFPMM):  Period 
1  (Columns  1-6) 


PER 100  I 

PERIOD  2 

. 

<11 

1  <2>  1 

(3)  1 

<4> 

1  <S>  1 

<6>  1 

QUANTITY  1  PRICE  1 

VALUE  1 

QUANTITY!  PRICE  ! 

VALUE  ! 

BOAT  A 

50.0 

1  5000. OOI 

250000.001 

70.0 

3300.001 

383000.00! 

BOAT  B 

30.0 

1 lOOOO.OOl 

300000.001 

33.0 

12000.001 

420000.001 

TOTAL  OUTPUTS 

1  1  350000.001 

1  20.001  6400.001 

805000. 00! 

LABOR  MANAGEMENT 

320.0 

304.0 

22.001 

6688.001 

LABOR  GLASS 

BOO.  O 

8.001 

6400.001 

760.0 

9.001 

6840.00! 

LABOR  ASSEMBLY 

1120.0 

6.001 

6720.001 

1064.0 

7.00! 

7448.00! 

TOTAL  LABOR 

1 

19320. 00 1 

20976.00! 

FIBERGLASS 

2200.0 

50.001 

110000.001 

3000.0 

83.001 

255000.00! 

MOOD 

730.0 

3.001 

22SO.OOI 

1000.0 

3.00! 

3000.001 

TOTAL  MATERIALS 

112230.001 

238000.00! 

ELECTRICITY 

0000.0 

0. 101 

800.001 

8200.0 

0.  101 

020.00! 

NATURAL  GAS 

100.0 

4.00! 

400.001 

90.0 

4.001 

360 . 00 ! 

TOTAL  ENERGY 

1 

1200.001 

1180.00! 

TOTAL  INPUTS 

1 

132970.00! 

280156.00! 

be  made  by  either  the  analyst,  decision  makers),  or  other  users  of  the  model. 
For  example,  one  could  break  out,  by  level,  management  labor  (president,  su¬ 
pervisor,  plant  manager,  and  so  forth).  The  model  will  accommodate  at  least 
three  levels  (class,  type,  and  level)  of  output  and  input.  Since  the  model  is 
computerized,  it  can  handle,  depending  on  how  it  is  programmed,  almost  any 
number  of  rows.  For  example,  the  VPI/VPC  version  of  the  model  for  a  HP3000 
system  is  programmed  to  accept  up  to  100  row  elements  for  each  category 
(output,  labor,  energy,  materials).  Minicomputer  programs  of  the  model,  such 
as  on  the  IBM  PC  with  126K  storage,  have  capacity  for  slightly  more  than  50 
total  row  elements. 

Column  2  represents  the  unit  price  for  outputs  and  unit  cost  for  inputs  during 
period  1  (base  period).  From  Table  5.4  you  can  see  that  Boat  A  sold  for  $5000, 
and  Boat  B  sold  for  $10,000;  management  labor  cost  $20.00  per  unit  (hour); 
fiberglass  labor  cost  $8.00  per  unit  (hour);  assembly  labor  cost  $6.00  per  unit 
(hour);  fiberglass  cost  $50.00  per  unit;  wood  cost  $3.00  per  unit;  electricity  cost 
$.10  per  unit  (KWH);  and  gas  cost  $4.00  per  unit  (MCF).  Note  that  since  the 
analyst  or  user  of  the  model  can  define  the  unit  of  measurement  to  be  utilized 
for  each  output  and  input,  the  unit  price  and  cost  is  also  controllable.  For 
instance,  labor  cost  can  reflect  base  salary,  or  wage  rate  plus  bonuses  or  benefit 
calculations.  The  only  requirement  is  that  the  unit  cost  remain  consistent  with 
the  units  of  quantity. 

Column  3  reflects  the  value  (quantity  x  price)  for  each  row  element  (outputs 
and  inputs).  Therefore,  column  3  represents  revenues  for  outputs  and  costs  for 
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inputs.  This  column  is  calculated  automatically  by  the  programmed  version  of 
this  model.  So,  from  Table  5.4  you  can  see  that  this  company  had  revenues  of 
$250,000  from  sales  of  Boat  As  and  $300,000  from  sales  of  Boat  Bs  for  a  total 
revenue  figure  of  $550,000;  at  the  same  time,  cost  for  management  labor  was 
$6400;  fiberglass  labor,  $6400;  assembly  labor  $6720;  fiberglass,  $110,000;  wood, 
$2250;  electricity,  $800;  and  gas,  $400.  Again,  Column  3  is  automatically  calcu¬ 
lated  in  the  programmed  version  of  this  model. 

Columns  4-6  are  the  same  as  columns  1-3  except  that  they  are  data  for  period 
2  or  the  current  period.  Again,  columns  4  and  5  are  the  data  input  requirements 
and  column  6  is  simply  column  4  x  column  5.  From  Table  5.4  you  can  see  the 
following: 

1.  Boat  A  production  went  from  50  in  the  base  period  to  70  in  current  period; 
the  price  for  Boat  A  went  from  $5000  in  period  1  to  $5500  current  period. 

2.  The  company  utilized  16  less  units  (hours)  of  management  labor  but  increased 
the  cost  for  that  category  of  labor  from  $20.00  to  $22.00. 

3.  Fiberglass  utilization  increased  by  800  units,  and  the  unit  cost  rose  from  $50.00 
to  $85.00. 

Interpretation  of  other  changes  should  by  now  be  evident  and  self-explanatory. 

These  first  six  columns  of  the  MFPMM,  in  particular  Columns  1,  2,  4,  and  5, 
reflect  data  input  required  to  "run"  the  model.  Data  availability  appears  not  to 
be  a  critical  roadblock  to  successful  implementation  of  this  model.  Experience 
suggests  that  the  basic  data  required  to  run  this  model  are  typically  available 
from  most  accounting  or  comptroller  departments.  Many  decisions  and  finer 
points  to  the  actual  development  of  an  application  of  this  model  could  be  dis¬ 
cussed  now.  However,  it  may  be  more  effective  to  continue  this  tutorial  on  this 
simple  example  and  reserve  discussion  of  finer  points  until  later  in  this  Chapter. 


Columns  7-9 

The  next  three  columns  in  the  MFPMM  are  titled  "Weighted  Change  Ratios." 
The  basic  purpose  of  these  columns  and,  in  particular,  the  formula  calculations 
is  to  determine: 

Column  7:  Price-weighted  and  base  period  price  indexed  changes  in  quantities. 
Essentially,  Column  7  partials  out  or  holds  constant  the  effect  of  prices  and  just 
examines  the  price-weighted  changes  in  quantities  of  outputs  and  inputs.  (See 
Figure  5.4  for  the  formula  for  Column  7.) 

Column  8:  Quantity-weighted  and  current  period  indexed  changes  in  unit  prices 
and  unit  costs.  Essentially,  Column  8  partials  out  or  holds  constant  the  changes 
in  quantities  of  outputs  and  inputs  and  just  examines  the  changes  in  unit  prices 
and  unit  costs  from  period  1  to  period  2.  (See  Figure  5.4  for  the  formula  for 
Column  8.) 
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2  <QiXp„> 

Column  7:  t — - 

2  (Q.H A,) 

<•1 

2  (Q,kp„) 

Column  8:  v — - 

2  (Q,)(p„) 

!•! 

2  (alter) 

Column  9:  - or  Column  7  x  Column  8 

2  <a,)(P.,) 

Figure  5.4  Weighted-Change  Ratio  Formulas  for  Outputs  and  Inputs 

Column  9:  Examines  the  simultaneous  impact  of  changes  in  price  and  quantity 
from  period  1  to  period  2  for  each  row  in  the  model.  (See  Figure  5.4  for  the 
formula  for  Column  9.) 

From  Column  7  (Table  5.5)  it  can  be  seen  that  * 

1.  In  period  2,  40  percent  more  Boat  r4s  were  produced  than  in  period  1. 


QA-  „  70(5000) 

QiP,  50(5000)  u 


2.  In  period  2, 16.67  percent  more  Boat  Bs  were  produced  than  in  period  1. 


35(10000) 

30(10000) 


*  1.1667 


3.  In  period  2,  27.27  percent  more  boats  of  types  A  and  B  were  produced. 

SQrjY  _  70(5000)  +  35(10000)  _ 

IQ  A  °  50(5000)  +  30(10000)  "  ' 


4.  In  period  2,  5  percent  less  labor  was  utilized  than  in  period  1. 


304(20)  +  760(8)  +  1064(6) 
320(20)  +  800(8)  +  1120(6) 

'Shorthand  formula  notation. 
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Table  5.5  LINPRIM  Boat  Company  Example  (VPI/VPC  Version  MFPMM):  Columns 
7-11 


I  WEIGHTED  I  COST /REVENUE  I  PRODUCTIVITY  I 

I  CHANGE  RATIOS  I  RATIOS  I  RATIOS 


1 

<7»  1 

(0) 

I  <91 

t  (10) 

i  tin 

1  (12) 

1  (13)  : 

1  QUANTITY  1 

PRICE 

1  VALUE 

1  PERIOD  1 1  PERIOD  2IPER10D  1 ! PERIOD  2! 

BOAT  A  1 

1.4000  1 

1.1000 

1  1.340 

1 

BOAT  8  1 

1 • 1647  1 

1.2000 

1  1.400 

1 

i 

TOTAL  OUTPUTS  I 

1.2727  i 

1.1500 

1  1.464 

i 

i 

LABOR  MANAGEMENT! 

0.9300  1 

1.1000 

i  1.043 

1  0.0116 

I  0.0083 

03.94 

115.13  l 

LABOR  GLASS  I 

0.9500  | 

1.1230 

1  1.069 

1  0.0116 

1  0.0083 

05.94 

115.15  ! 

LABOR  ASSEMBLY  I 

0.9300  1 

1.1667 

1  1.100 

I  0.0122 

1  0.0093 

81.03 

109.65  ! 

TOTAL  LABOR  1 

0.9SOO  i 

1.1311 

i  1.073 

I  0.0335 

1  0.0261 

28.10 

37.73  ! 

FIBERGLASS  1 

1.3436  1 

1.7000 

1  2.318 

1  0.2000 

I  0.3160 

5.00 

4.67  1 

MOOD  1 

1.3333  1 

1.0000 

1  1.333 

I  0.0041 

1  0.0037 

244.44 

233.33  ! 

TOTAL  MATERIALS  1 

1.3630  I 

1 . 6063 

i  2.298 

i  0.2041 

1  0.3203 

4.90 

4.58  ! 

ELECTRICITY  1 

1.0230  i 

1.0000 

1  1.023 

i  0.0013 

0.0010 

607.30 

033.66  1 

NATURAL  BAS  I 

0.9000  1 

1.0000 

1  0.900 

1  0.0007 

0.0004 

1373.00 

1944.44  1 

TOTAL  ENERGY  1 

0.9833  i 

1.0000 

i  0.9S3 

1  0.0022 

0.0015 

4SB.35 

593.22  ! 

TOTAL  INPUTS 

1.2990  i 

1.6220 

1  2.107 

I  0. 2418 

0.3400 

4.14 

4.03  1 

5.  In  period  2,  36.36  percent  more  fiberglass  was  utilized  than  in  period  1. 


QjPf  m  3000(50) 
QtP,  “  2200(50) 


1.3636 


6.  In  period  2,  33.33  percent  more  wood  was  utilized  than  in  period  1. 


1000(3) 

750(3) 


1.3333 


7.  In  period  2,  36.3  percent  more  materials  were  utilized  than  in  period  1. 


3000(50)  +  1000(3) 
2200(50)  +  750(3) 


’Shorthand  formula  notation. 
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8.  Total  price-weighted  and  indexed  change  in  inputs  utilization  was  29.90  per¬ 
cent. 


304<20)  +  760(8)  +  1064(6)  +  3000(50)  +  1000(3)  +  8200(,10)  +  90(4) 
320(20)  +  800(8)  +  1120(6)  +  2200(50)  +  750(3)  +  8000(.10)  +  100(4) 


Hence,  Column  7  simply  tells  us  the  rate  of  price-weighted  quantity  change 
with  prices  and  costs  held  constant  at  period  1  levels. 

From  Column  8  it  can  be  seen  that 

1.  The  prices  of  Boat  A  went  up  10  percent. 

QjPS  70(5500) 

QjPi  70(5000) 

2.  The  quantity-weighted  average  price  change  for  Boats  A  and  B  was  15  percent. 

IQ  A*  m  70(5500)  +  35(12000) 

IQiPi  "  70(5000)  +  35(10000)  "  '  5 


3.  Management  labor  unit  cost  increased  10  percent 


304(22) 

304(20) 


1.10 


4.  Quantity-weighted  average  cost  increase  for  labor  was  13.11  percent. 


304(22)  +  760(9)  +  1064(7) 
304(20)  +  760(8)  +  1064(6) 


5. 


Fiberglass  unit  cost  increased  70  percent 


3000(85) 

3000(50) 


1.70 


*Shorlhdn<i  formula  notation. 
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6.  Quantity-weighted  average  cost  increase  for  materials  was  68.63  percent. 


3000(85)  +  1000(3) 
3000(50)  +  1000(3) 


7.  There  were  no  changes  in  the  price  of  gas  or  electricity. 

8200(.10)  4-  90(4) 

8200(.10)  +  90(4) 


8.  Total  quantity-weighted  change  in  input  costs  was  62.20  percent. 

304(22)  +  760(9)  +  1064(7)  +  3000(85)  +  1000(3)  -4-  8200(.10)  +  90(4) 
304(20)  +  760(8)  +  1064(6)  +  3000(50)  +  1000(3)  +  8200(.10)  +  90(4) 

Hence,  Column  8  simply  indicates  the  rate  of  quantity-weighted  price  and  cost 
change  with  quantities  of  outputs  and  inputs  held  constant  at  period  2  levels. 
From  Column  9  it  can  be  seen  that 

1.  Revenues  from  Boat  A  increased  54  percent. 

QA*  70(5500) 

Q,P,  50(5000) 

2.  Combined  impact  on  revenue  change  from  period  1  to  period  2  from  both 
Boat  A  and  Boat  B  was  46.36  percent. 

ZQjPj*  70(5500)  +  35(12000)  . 

ss  —  r  *s  1,4636 

2Q,P,  50(5000)  +  30(10000) 


3.  Total  labor  cost  increased  7.46  percent  from  period  1  to  period  2. 

304(22)  4-  760(9)  +  1064(7)  _ 

320(20)  +  800(8)  +  1120(6)  “  ' 


'Shorthand  formula  notation. 
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4.  Total  input  costs  increased  110.69  percent. 

304(2 2)  +  760(9)  +  1064(7)  +  3000(85)  +  1000(3)  +  8000(.10)  +  90(4) 
320(20)  +  800(8)  +  1120(6)  +  2200(50)  +  750(3)  +  8000(.10)  +  100(4) 


Hence,  Column  9  simply  indicates  the  rate  of  change  of  revenues  and  costs 
(simultaneous  changes  in  prices,  costs,  and  quantities  of  outputs  and  inputs). 

Columns  10  and  11 

Columns  10  and  11  are  labeled  "Cost/Revenue  Ratios."  They  indicate  the  ratio 
of  input  row  elements  for  Columns  3  and  6.  The  formula  for  these  columns 
appears  in  Figure  5.5.  Note  that  Column  10  is  the  cost-to-revenue  ratio  for  period 
1  and  Column  11  is  the  cost-to-revenue  ratio  for  period  2. 

From  Column  10  one  can  observe  that  management  labor  costs  (Column  3) 
represent  1.16  percent  of  total  revenues  in  period  1  ($6400/5550,000).  Similarly, 
total  labor  costs  represent  3.55  percent  of  total  revenues,  fiberglass  costs  reflect 
20  percent  of  total  revenues,  and  total  input  costs  reflect  24.18  percent  of  total 
revenues.  Note  that  since  this  model  is  not  attempting  to  be  a  total  factor  pro¬ 
ductivity  measurement  model,  there  is  no  way  to  tell  directly  whether  the  75.82 
percent  of  remaining  revenues  is  all  profits  or  consumed  by  other  input  resource 
costs  not  captured  in  this  model.  Note  also  that  the  information  in  these  two 
columns  will  very  likely  be  already  available  and  familiar  to  most  managers. 
Most  managers  are  knowledgeable  about  certain  cost  categories  as  a  percentage 
of  either  total  costs,  total  revenues,  or  some  other  aggregate  budget  number. 

- -  The  purpose  of  these  two  columns  is  not  to  provide  new  information  but  to 

integrate  this  information  into  the  MFFMM  so  as  to  provide  a  manager  with 


Column  10: 


Column  It: 


Column  12: 


Column  I  I: 


1  ill 

Input  elements,  column  3 

£  <0.,)(p.,) 

is  1 

Total,  column  3 

m i 

Input  elements,  column  6 

»•  1 

Total  column  6 

£  (ojtpj 

•  i 

Total,  column  3 

1 1',)  Hp„i ) 

Input  elements,  column  6 

£  (o.,)(p.,) 

>  i 

Base  period  price  weighted  total,  column  (> 

Base  period  price  weighted  input  elements,  column  <> 

Figure  5.5  Cost/Rcvenuo  Ratio  Formulas 
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insights  as  to  where  leverage  exists.  If  Columns  10  and  11  are  rank  ordered,  the 
manager  can  then  invoke  Pareto's  Principle  and  make  productivity  improvement 
decisions,  in  terms  of  cost  reduction,  on  the  higher  priority  input  resources. 
From  this  example  one  can  easily  see  that  a  manager's  leverage  is  with  fiberglass 
and,  in  particular,  with  fiberglass  prices. 

From  Column  11  it  can  be  observed  that  labor  costs  are  now  (in  period  2  or 
current  period)  2.61  percent  of  revenues,  a  decrease  from  3.55  percent  in  period  1 . 
Fiberglass  costs  are  now  31.68  percent  of  revenues,  an  increase  from  20  percent. 
And  total  costs  are  now  34.8  percent  of  revenues,  up  from  24.18  percent. 

Columns  12  and  13 

Columns  12  and  13  are  titled  "Productivity  Ratios."  Column  12  reflects  the 
output-to-input  ratios  for  period  1,  while  column  13  reflects  the  output-to-input 
ratios  for  period  2.  This  is  a  relatively  new  edition  to  this  model  and  exists  only 
on  certain  versions  of  the  software  for  this  particular  productivity  measurement 
technique.  The  formulas  for  these  two  columns  appear  in  Figure  5.5. 


Columns  14-16 

Columns  14-16  (Table  5.6)  are  titled  "Weighted  Performance  Indexes."  Column 
14  reflects  price-weighted  productivity  indexes.  Column  15  represents  quantity* 

Table  5.6  LINPRIM  Boat  Company  Example  (VPI/VPC  Version  MFPMM):  Columns 
14-19 


I  WEIGHTED  I  I 

I  PERFORMANCE  1NOEXES  i  DOLLAR  EFFECTS  ON  PROFITS  i 


!  <141 

US) 

1  (16) 

<171  1 

<  10) 

<  19) 

1  CHANGE  IN 

CHANGE  1 

CHANGE 

LHANGF 

IPROOUC- 

PRICE 

1  PROFIT-! IN  PRODUC-! 

IN  PRICE 

IN  PROFIT- 

IT1VITY 

RECVRY 

’ABILITY 

TIVITY  1 

RECOVERY 

ABILITY 

DOAT  A 

l 

1 

I 

BOAT  B 

I 

1 

» 

TOTAL  OUTPUTS  I 

!  1  ! 

LABOR  MANAGEMENT!  1.340 

1 . 043 

!  1.401 

2065.43  ! 

613.82 

Z' 

LABOR  GLASS 

1  1.340 

1 . 

1  1.569 

2065.45  ! 

461.1C 

r:.  27. 

LABOR  ASSEMBLY 

!  1.340 

0.906 

!  I. 321 

2168.73  I 

210.91 

.:  507.64 

TOTAL  LABOR 

I  1.340 

l.O|  7 

!  1.562 

6299.64  ! 

1294.54 

/594.  Ill 

1  IIU.ROLASS 

I  0.933 

0.676 

!  0.651 

-luOoO.'Hj  ! 

-t?4'’w.Ki»  *  m*i 

V4«*iVi.  i'h  i 

WOOD 

!  0.953 

I.  ISO 

!  1 . 090 

~ t  • ^6  • 

J'V"  .  in 

I0TAL  MATERIALS 

© 

* 

X 

L« 

■  •.60S 

!  0.637 

-10136.  ;h  i 

-03570.44 

-  V  /  r»6  •  H  1 

ELECTRICITY 

!  1.242 

I.  ISO 

!  l.-ire 

190.10  : 

152.73 

•.*r.v.  v  i 

NATURAL  GAO 

!  I. 414 

1 .  !  SO 

!  1 . 626 

149.09  ! 

76.  36 

'V. 

TUiAl  ENERGY 

!  1.294 

1 .  !  50 

!  1.400 

7.4  T,-2?  1 

,  04> 

'6 

TO  f  A!  INI  'll  1 S 

:  v.vi-M 

M.  /■>'» 

!  n.695 

-54119.. is  ! 

ll.’"4-..UI 
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weighted  price  recovery  indexes.  And  Column  16  depicts  profitability  indexes. 
The  formulas  for  these  three  columns  appear  in  Figure  5.6.  Note  that  there  are 
no  entries  for  the  cells  corresponding  to  the  output  row  elements.  This  is  because 
Columns  14-16  are  now  calculating  output  over  input  indexes,  or  changes  in 
performance  ratios, -from  period  1  to  period  2.  The  essence  of  the  MFPMM 
appears  in  Columns  12-19. 

As  discussed  in  Chapter  2,  there  are  at  least  four  generic  types  of  productivity 
"measures":  (1)  partial  factor,  static  ratio;  (2)  total  factor,  static  ratio;  (3)  partial 
factor,  dynamic  index;  and  (4)  total  factor,  dynamic  index.  Recall  that  a  dynamic 
productivity  index  is  essentially  a  productivity  ratio  at  one  period  in  time,  say, 
period  2  (current  period),  over  that  same  productivity  ratio  at  a  previous  period 
in  time,  say,  period  1  (base  period).  Columns  14-16  calculate  and  depict  dynamic 
performance  indexes.  Column  14  calculates  and  depicts  dynamic  productivity  in¬ 
dexes.  Figure  5.7  conceptually  depicts  what  the  MFPMM  is  doing. 

In  Figure  5.7,  formulas  and  development  of  static  productivity  ratios  are  de¬ 
picted.  We  take  a  snapshot  of  the  organizational  system  for  a  given  period  of 
time  and  place  some  or  all  of  the  outputs  in  the  numerator  and  one,  some,  or 
all  of  the  inputs  in  the  denominator.  For  a  decoupled,  disaggregated  system, 
such  as  the  NPMM,  we  do  not  necessarily  need  to  use  indexed  prices  and  costs 
as  a  common  denominator.  For  an  aggregated  system,  such  as  the  MFPMM, 
indexed  prices  and  costs  are  necessary. 

£  (oj(p„) 

— -  «  Column  7  for  total  outputs 

£  (cup,,) 

Column  14:  '*'  _ . Productivity 

i)  Column  7  for  each  individual 

(/»'/, )(p„)  “  '"Put 

Column  15:  Column  14/Column  12 

or 

£  (o,.)(p„) 

i- 1 

£  (0,j)(p,i) 


(fi'/.Kp,.) 

(/</,)(p,i) 

£  (o,.)(p„.) 

i  i _ 

£  lojtpj 

Column  Hr  ' 

(<<;■)(<).) 

(/</,)(/>■) 
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=  Column  8  for  total  outputs 


Column  8  for  each  input 


=  Column  9  for  total  outputs 


Price  recovery 


=  Column  9  for  each  input 

Weighted  Performance  Indexes 


Profitability 
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P«nod  k  (current  ptnod,  Ktutl. 
your  organizational  tyttam) 


Figure  5.7  Price-Weighted  and  Aggregated  Multifactor  Productivity  Measure¬ 
ment  Model 


Figure  5.7  also  depicts  formulas  and  development  of  dynamic  productivity 
indexes.  A  snapshot  of  the  organizational  system's  partial,  multi-,  and  perhaps 
even  total  static  productivity  ratio  is  developed  for  period  k  (period  2,  current 
period).  An  equivalent  snapshot  of  the  organizational  system's  partial,  multi-, 
or  perhaps  even  total  static  productivity  ratio  is  developed  for  period  j  (period 
1,  base  period,  budget,  standards,  another  comparable  system,  and  so  forth). 
The  productivity  ratios  for  period  k  (period  2  or  current  period)  are  then  divided 
by  the  productivity  ratios  for  period  /  (period  1  or  base  period).  The  resultant 
formulation  is  highlighted  in  Figure  5.7,  and  it  is  this  calculation  that  is  depicted 
in  Column  14  of  the  MFPMM. 
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From  Column  14  the  following  observations  can  be  made: 

1.  Labor  productivity  increased  by  34  percent.. 


Column  7  for  total  outputs  -  1.2727 
Column  7  for  total  inputs  «  .95 

(Note  that  Column  7  is  the  price-weighted  changes  in  quantities  for  outputs  and 
inputs.  As  an  exercise,  see  question  13  at  the  end  of  this  chapter  to  convince 
yourself  that 

•  O  Qi°lQ°  Q°l  Qj 

l  Qi'iQi  Q°IQ\ 


This  tells  us  that  price-weighted  change  in  outputs  from  period  1  to  period  2 
went  up  27.27  percent  while  labor  input  went  down  5  percent  creating  a  cor¬ 
responding  gain  in  productivity  of  34  percent. 

2.  Materials  productivity  decreased  7  percent. 


Column  7  for  total  outputs  »  1.2727 
Column  7  for  total  materials  ■  1.363 


3.  Total  inputs  productivity  declined  by  2  percent.  Again,  total  price-weighted 
and  indexed  outputs  from  this  company  increased  by  27.27  percent,  while  total 
price-weighted  and  indexed  input  quantities  increased  by  29.9  percent.  Hence, 
1.2727/1.299  ■  0.98  and  the  calculated  2  percent  decline  in  productivity  for  all 
inputs  measured  in  this  model  formulation. 

Column  15  depicts  rates  of  change  for  quantity-weighted  and  indexed  prices 
over  costs.  It  reflects  rate  of  price  increases  in  relation  to  the  rate  of  cost  increases. 
In  a  sense  it  reflects  the  degree  to  which  the  organizational  system  was  able  to 
increase  its  price  in  relation  to  elemental  input  costs.  It  is  simply  termed  price 
recovery. 

From  Column  15  it  can  be  observed  that 
1.  Price  recovery  for  management  labor  was  up  5  percent. 


Column  8  for  total  outputs  =  1.15 
Column  8  for  management  labor  =  1.10 


1.045 
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This  indicates  that  the  organization  was  able  to  raise  prices  approximately  5 
percent  taster  than  management  unit  prices  (costs)  increased. 

2.  Price  tor  fiberglass  increased  approximately  32  percent  taster  than  manage¬ 
ment  was  able  to  raise  the  prices  of  boats. 

Column  8  for  total  outputs  °  1.15  ^ 

Column  8  for  fiberglass  input  -  1.7 

3.  On  the  whole,  price  recovery  fell  off  by  29  percent. 

Column  8  for  total  outputs  ■  1.15  _  ^ 

Column  8  for  total  inputs'  -  1.622 


Changes  in  output  prices  were  71  percent  of  the  changes  in  input  costs  The 
company  was  not  able  or  did  not  (for  whatever  reason)  raise  prices  fast  enough 
to  compensate  for  incases  in  costs.  (Note:  Fiberglass  price  under-recovery  was 
the  major  source  of  ‘he  relatively  poor  price  recovery  ratio  of  .71.) 

Column  16  indicates  profitability  indexes,  which  reflect  rates  of  change  for 
simultaneous  changes  in  price  and  quantity.  The  simplest  way  to  think  about 
Column  16  is  that  it  is  revenues/costs  (a  measure  of  profitability)  for  period  2 
divided  by  revenues/costs  for  period  1.  Hence,  Column  16  is  in  reality  a  prof¬ 
itability  index. 

From  Column  16  it  can  be  seen  that  labor  contributed  to  a  36  percent  increase 
in  profitability  from  period  1  to  period  2.  That  is,  revenues  went  up  46.36  percent 
from  period  1  to  period  2  (Column  9  for  total  outputs),  while  total  labor  costs 
increased  by  7.46  percent  (Column  9  for  total  labor)  creating  a  36  percent  (1.4636/ 
1.0746  »  1.3619)  labor  relative  increase  in  profitability  from  period  1  to  period 
2.  Materials  created  a  period  1  to  period  2  relative  drain  on  profitability  of  36 
percent.  Revenues  changed  at  a  rate  of  46.36  percent,  while  material  costs  in¬ 
creased  at  a  rate  of  129.84  percent.  Note  that  most  of  this  drain  on  potential 
profits,  which  could  have  been  achieved  from  the  46.36  percent  increase  in 
revenues,  was  caused  by  the  131.82  percent  increase  in  fiberglass  costs  (both 
increased  unit  cost  and  increased  quantity  usage). 

Overall,  Column  16  depicts  a  31  percent  decline  in  potential  profitability.  This 
company  was  31  percent  less  profitable  in  period  2  than  it  was  in  period  1.  The 
company  may  well  have  made  profits,  but  it  could  have  made  31  percent  more 
profits  had  certain  price  under-recovery  situations  not  occurred.  It  should  by 
now  be  clear  that  a  number  in  Column  14,  15,  or  16  that  is  greater  than  1.00 
reflects  a  positive  change  and  a  number  less  than  1.00  reflects  a  negative  change. 
Therefore,  our  overall  evaluation  of  this  particular  organization's  productivity, 
price  recovery,  and  profitability  performance  on  a  period  1  to  period  2  basis  is 
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not  favorable.  In  particular,  management  or  an  analyst  could  be  concerned  about 
fiberglass  cost  recovery. 


Columns  17-19 

Columns  17-19  reflect  the  dollar  equivalence  of  corresponding  cells  in  Columns 
14-16.  In  other  words,  these  columns  indicate  what  impact  an  increase  in  pro¬ 
ductivity  (Column  17)  or  price  recovery  (Column  18)  has  on  profits.  The  total 
impact  on  profits  from  productivity  and  price  recovery  is  indicated  in  Column 
19.  The  formulas  for  these  columns  appear  in  Figure  5.8.  From  these  columns 
we  see  the  following. 

1.  Column  17:  Management  labor  productivity  contributed  $2065.45  to  profits 
from  period  1  to  period  2. 


(1.2727  -  .95)56400  -  $2065 


Column  18:  The  model  does  not  directly  calculate  Column  18,  effect  of  price 
recovery  on  profits.  Column  18  values  are  calculated  by  subtracting  Column  17 
values  from  Column  19  values.  In  other  words.  Column  17  +  Col- 
umn  18  -  Column  19. 

Column  19:  Management  labor  contributed  positively  to  profits  between  period 
1  and  period  2  to  the  tune  of  $2679.  About  $2065  came  from  productivity  gains 
and  $613  came  from  price  recovery  gains. 


(1.4636  -  1.045)56400  -  $2679 
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Figure  5.8  Weighted  Performance  Indexes,  Individual  Effects  on  Profits 
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MFPMM  Simulation  Routine:  Decision  Support 
System  Developments 

Imagine  the  following  setting  in  relation  to  the  boat  manufacturing  company 
just  presented.  The  president  of  the  firm,  his  managers  of  purchasing,  market¬ 
ing,  production,  personnel,  industrial  engineering,  quality  control,  and  finance 
(comptroller),  and  a  staff  industrial  engineer  who  is  the  company's  productivity 
analyst  are  in  a  monthly  planning  meeting  to  discuss  the  performance  of  the 
company  this  past  month.  The  productivity  analyst  has  just  presented  a  briefing 
summarizing  the  report  just  described  to  you  in  the  last  section.  Tne  productivity 
analyst  has  learned  from  past  meetings  with  this  group  of  upper-level  managers 
that  their  tolerance  for  long  complex  briefings  and  reports  is  low.  So,  the  analyst 
has  worked  hard  to  develop  a  simple  yet  effective  set  of  graphics  that  succinctly 
summarize  and  depict  the  key  data  from  the  MFPMM.  The  analyst  has  learned 
that  some  of  this  group  of  managers  feel  more  comfortable  with  raw  data,  tables, 
and  figures  while  others  prefer  to  see  charts,  graphs,  and  other  pictorial-type 
representations  of  the  MFPMM  report.  A  few  samples  from  the  analyst's  briefing 
materials  are  presented  on  the  next  several  pages. 

The  analyst  has  assumed  the  role  of  facilitator  for  this  session.  Each  manager 
is  provided  with  a  briefing  package  prior  to  this  performance/productivity  im¬ 
provement  planning  session.  This  package  includes  the  managers'  own  indi¬ 
vidualized  summary  graphics  of  the  most  recent  MFPMM  run,  graphics  such 
as  the  ones  depicted  in  Figure  5.9,  and  the  actual  output  in  an  appendix  (if 
requested).  In  preparation  for  this  monthly  session,  each  manager  reviews  the 
MFPMM  results  in  addition  to  any  other  performance  measurement  control 

Revenue  «  $2.3  x  10*  Revenue  »  $2.3  x  106 


Figure  5. 9a  Inpul  Cosh  as  a  Percentage  of  Revenue 
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2.  Total  materials  Column  19:  Low  productivity  in  materials  utilization  created  a 
drain  on  profits  from  period  1  to  period  2  of  -$10,136.  About  $10,000  of  this 
decline  came  from  low  fiberglass  productivity  alone. 


(1.2727  -  1.363)$112,250  -  -$10,136 


Total  materials  Column  19:  Very  poor  price  recovery  on  fiberglass  and  low  pro¬ 
ductivity  created  a  -$93,706  drain  on  profits  for  this  company  from  period  1  to 
period  2. 


(1.4636  -  2.2984)$1 12,250  =  -$93,706 


This  reflects  the  drain  on  profits  caused  by  an  inability  to  recover  rising  costs 
from  period  1  to  period  2.  As  one  can  see,  the  biggest  source  of  lowered  profits 
from  period  1  to  period  2  is  this  category. 

3.  Overall,  this  boat  manufacturing  company  was  $85,536  less  profitable  in  pe¬ 
riod  2  than  in  period  1  had  nothing  changed  in  the  company.  About  $82,047  of 
this  decline  in  profits  is  attributable  to  relatively  poor  price  recovery.  And,  as 
indicated,  very  poor  fib  jrglass  price  recovery  is  die  major  source  of  this  total 
decline  in  profits. 

This  completes  the  description  and  example  for  the  MFPMM.  There  are  ob¬ 
viously  many  fine  details,  application  and  implementation  issues,  and  refine¬ 
ments  that  could  be  discussed.  Some  of  these  points  will  be  dealt  with  in  this 
section.  However,  at  this  point,  the  reader  should  have  a  good  grasp  of  the 
basic  character  of  the  model.  It  is  a  relatively  simple  model  and  yet  it  has 
tremendous  potential  as  an  integrative  decision  support  system,  there  are  ap¬ 
plications  at  the  end  of  this  chapter  that  can  be  utilized  to  develop  more  skill 
and  a  deeper  understanding  of  how  to  interpret  program  output.  Those  desiring 
to  purchase  the  model  software  can  experiment  with  the  model  quite  painlessly. 
You  might  even  wish  to  collect  data  from  a  specific  example  of  your  own  and 
run  the  program.  Like  any  decision  support  system,  the  model  itself  is  a  critical 
but  rather  minor  component  of  an  application.  Integrating  the  model  into  an 
existing  control  system,  collecting  the  data,  getting  management  to  accept  and 
feel  comfortable  with  the  system,  and  selling  the  system  based  on  benefit-to- 
cost  projects  are  all  activities  that  actually  play  a  more  critical  role  in  successful 
implementation  of  such  a  system. 

In  an  attempt  to  improve  the  decision  support  capabilities  of  the  model,  staff 
at  the  Oklahoma  Productivity  Center  and  now  at  the  Virginia  Productivity  Center 
have  developed  a  simple  simulation  routine  to  allow  management  to  project  the 
impact  of  productivity  improvement  interventions  on  profits.  This  development 
is  the  focus  of  the  discussion  in  the  next  section. 
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Total 

input  cost  *  $1.27  x  106 


Total 

input  cost  -  $1.30  x  106 


1%  Energy  v 


Figure  5.96  Cost  of  Classes  of  Input  as  a  Percentage  of  Cost  of  Measured  Input 


system  data  the  managers  individually  have  access  to  (production,  inventory, 
quality,  scheduling,  perso  nel  type  reports/ information  systems,  and  so  forth). 
Each  manager  is  also  expected  to  make  projections  for  input  and/or  output 
changes  he  or  she  foresees  taking  place  either  independently  of  intervention  on 
his  or  her  part  or  with  appropriate  action  on  the  management  team's  part. 

Each  manager  then  comes  to  this  monthly  performance/productivity  improve¬ 
ment  planning  session  with  some  or  potentially  all  of  the  form  indicated  in 
Figure  5.10  completed.  In  the  meeting  itself,  the  productivity  analyst  starts  out 
by  making  a  short,  general  review  briefing  of  the  most  recent  MFPMM  report. 
The  president  of  the  firm  is  allowed  five  minutes  to  express  his  overall  perception 
of  the  company's  performance  from  a  strategic  standpoint.  Each  manager  is  then 
given  no  more  than  five  minutes  to  state  his  or  her  assessment  of  the  company's 
performance  in  the  previous  month.  Data  other  than  that  provided  by  the  MFPMM 
are  often  presented,  and  graphics  in  the  form  of  overheads  or  handouts  are 
frequently  utilized. 

At  the  end  of  this  briefing  and  review  session,  the  analyst  loads  the  MFPMM 
software  onto  the  company's  business  computer.  The  MFPMM  simulation  rou¬ 
tine  is  called  up,  and  the  forecast  portion  of  this  planning  session  begins.  The 
MFPMM  simulation  routine  allows  management  to  develop  ''what  if"  scenarios 
with  the  model.  The  only  data  input  required  are  three  point  estimates  (pessi¬ 
mistic,  most  likely,  optimistic)  for  specific  input  and  or  output  values.  One, 
some,  or  all  of  the  prices,  costs,  output  quantities,  or  input  quantities  can  be 
changed.  The  analyst  and  managers  have  the  option  of  comparing  period  2 
(current  or  immediate  past  period)  with  period  3  (forecasted,  projected  period 
next  month),  or  period  1  (base  period)  with  period  3.  Recall  that  if  the  group 
decides  to  compare  periods  2  and  3,  then  the  model's  built-in  bo-»e  period  in- 
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Figure  5.9c  Dollar  Effect  on  Profitability,  Productivity,  and  Price  Recovery 


dexing  process  is  negated.  In  this  case,  the  analyst  would  have  to  externally  or 
manually  index  all  prices  and  costs  to  some  constant  value.  If  the  group  chooses 
to  compare  periods  3  and  1,  then  the  MFPMM  automatically  removes  the  effect 
of  inflation  from  the  productivity  analysis. 

The  next  step  in  the  simulation  subroutine  and  planning  process  is  to  indicate 
a  desired  value  tor  Column  19  for  total  inputs.  The  question  is,  what  would  the 
management  group  like  the  total  effect  on  profits  of  their  efforts  to  be  at  the 
end  of  the  next  month7  The  analyst  asks  them  to  indicate  a  desired  value  for 
the  change  in  profitability  for  the  following  month.  Recall  that  this  value  was 
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Figure  5.9 d  Produc  vity,  Price  Recovery,  and  Profitability 


-  $85,536  in  period  2,  or  for  the  immediate  past  month.  The  management  group 
agrees  that  given  current  economic  and  business  conditions,  they  would  be 
pleased  if  they  could  cause  the  number  to  go  to  $0.00.  The  analyst  enters  this 
decision  into  the  computer. 

The  next  step  in  the  simulation  subroutine  and  for  this  monthly  session  is  to 
enter  the  three-point  estimates  for  specific  expected  value  changes  for  input 
quantities  and  costs,  as  well  as  for  output  quantities  (in  this  case,  sold  boats) 
and  prices.  First,  the  projected  changes  for  output  quantities  and  prices  are 
entered.  There  is  much  discussion  among  the  managers  of  production,  mar¬ 
keting,  purchasing,  industrial  engineering,  and  quality  control  as  to  what  the 
pessimistic,  most  likely,  and  optimistic  values  should  be.  Additional  data  from 
various  sources  are  referred  to  for  support  of  estimates.  The  analyst's  job  is  one 
of  keeping  the  session  moving  and  striving  for  consensus.  It  is  not  critical  that 
a  unified  estimate  be  arrived  at.  Several  different  scenarios  can  be  developed, 
each  based  on  a  different  set  of  assumptions.  The  simulation  routine  can  be  run 
for  several  scenarios  and  results  can  then  be  compared. 

Next,  labor  projections  are  made  in  terms  of  staffing,  workload  scheduling 
and  pay  determinations.  Again,  three-point  estimates  are  arrived  at  among  rel¬ 
evant  managers  and  entered  by  the  analyst.  The  same  process  of  making  esti¬ 
mates  is  completed  for  materials,  energy,  and  capital  if  it  was  included.  A  given 
scenario  for  this  example  is  depicted  in  Tables  5.7n-t I.  This  table  presents  the 
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Figure  5.9e  Histogram  Plot  of  Column  19  Values:  Simulated  Impact  of  Pro¬ 
ductivity  Management  Interventions  on  Profits 

entire  simulation  output  comparing  projected  period  3  and  base  period  1.  You 
may  wish  to  compare  this  output  with  the  output  comparing  periods  1  and  2 
depicted  in  Tables  5.4-5. 6.  The  simulation  subroutine  calculates  expected  values 
for  all  variables  that  were  changed.  Note  when  management  changes  or  makes 
a  three-point  estimate  for  a  given  variable,  that  variable  becomes  stochastic  or 
probabilistic  in  character.  The  triangular  distribution  is  utilized  to  derive  the 
expected  values  (Sullivan  and  Orr,  1982;  Buck,  1982;  and  Pritsker,  1979).  See 
Columns  4  and  5  of  the  MFP.MM  for  these  values  from  the  scenario  developed 
by  this  management  group.  If  no  changes  are  made  for  a  given  quantity  or  price/ 
cost,  the  model  assumes  that  the  current  period  value  (period  2,  immediate  past 
month,  in  this  case)  remains  the  same  for  period  3,  or  the  next /projected  period 
Once  all  variables  that  are  to  be  changed  for  a  given  scenario  have  been  entered, 
the  program  can  be  run.  On  minicomputers,  such  as  the  TRS-II,  IBM-PC,  and 
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Figure  5.10  Simulation  Change  Sheet 


Apple,  the  simulation  routine  may  take  up  to  15  minutes  (a  good  time  for  a 
coffee  break).  On  small  business  computers,  such  as  the  HP3000,  or  larger 
systems  the  response  time  depends  primarily  on  printer  speed. 

The  analyst's  skills  in  interpreting  the  MFPMM  now  play  a  big  role  in  the 
effectiveness  of  this  session.  Results  of  the  MFPMM  will  appear  on  the  terminal 
(each  manager  might  have  his  or  her  own),  a  hard  copy  can  be  generated,  and 
with  video  out  and  the  right  equipment  the  results  can  be  presented  on  a  big 
screen  TV  or  on  a  projection  screen.  The  first  and  most  obvious  element  to 
examine  is  Column  19  for  total  inputs.  The  management  group  can  see  how 
close  they  came  to  meeting  their  target  of  -SO. 00  change  in  profits  from  period 
1  to  period  3.  Additionally,  a  histogram  depicting  the  results  of  100  simulation 
runs  is  generated  and  the  managers  can  obtain  a  better  feel  for  the  characteristics 
of  the  probability  distribution  for  the  specific  scenario  they  have  developed  The 


Table  5.7a  Example  Simulation  Scenario  for  LINPRIM  Boat  Company  Example  (VPI/ 
VPC  Version  MFPMM) 
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This  port  of  the  program  performs  a  "what  if"  game  on  the  model.  It  can  give  you  all  available  options  based  on  anv 
desired  value  in  Col.  17  for  total  inputs.  In  order  to  effectively  use  this  program,  you  have  to  make  estimates  regarding 
quantity  and  price  for  the  next  period  as  we  go  along  in  this  part.  If  you  want  to  continue  in  this  part  of  the  program 
answer  "Yes";  otherwise.  "No"  f  fYes.  Do  you  want  to  compare  periods  2  4  31  Yes/No:  fNo.  Do  you  want  to  compare 
periods  I  4  31  Yes/No;  fYes.  Enter  desired  value  in  Col.  17  for  total  inputs:  fO. 

Now,  you  are  required  to  indicate  a  three  point  estimate,  namely  pessimistic,  most  likely,  and  optimistic  values  for 
quantity  and  price  of  each  category  you  choose  to  vary  for  the  next  period.  For  variables,  these  estimates  are  not  made. 
It  is  assumed  that  the  present  values  of  quantity  and  price  are  same  for  the  next  period,  too. 


histogram  plots  the  column  19  values  associated  with  each  of  the  100  simulated 
trials.  Other  graphics,  such  as  this  histogram,  could  be  developed  and  imme¬ 
diately  prepared  in  this  planning  session  for  review,  (see  Figure  5.9.  j 

Productivity,  price  recovery,  and  profitability  index  trend  charts  (performance 
trend  charts)  can  be  updated  with  forecasted  scenario  output  and  presented  for 
review  (see  Figure  5.11).  This  evaluation  of  scenarios  can  go  on  as  long  as 
management  desires.  Typically,  this  part  of  the  monthly  performance/produc- 
tivity  improvement  planning  session  would  last  approximately  one  hour. 

The  next  step  in  this  planning  session  is  to  begin  to  develop  specific  action 
plans  relative  to  the  most  preferred  scenario.  For  this  step,  the  management 
group  must  agree  on  the  desired  scenario  they  wish  to  work  toward  and  then 
thinking  through  specific  actions  that  will  need  to  be  taken  by  specific  individuals 
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Table  5.7b  Forecasted  Scenario  Output  for  UNPRIM  Boat  Example  (VPI/VPC 
Version) 
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or  groups  in  order  to  cause  the  scenario  to  become  a  reality.  Again,  as  has  been 
mentioned,  some  changes  that  are  projected  to  occur  are  controllable,  others 
are  not.  Obviously,  the  action  plans  that  are  specifically  developed  will  be  proac¬ 
tive  about  those  things  that  can  be  controlled  and  reactive  to  negative  trends 
and  their  impacts.  An  example  of  an  action  plan  assignment  (responsibility  and 
accountability)  format  for  this  case  scenario  is  depicted  in  Figure  5.12. 

In  summary,  it  may  be  valuable  to  step  back  and  examine  this  performance/ 
productivity  planning  process  in  generic  perspective.  The  productivity  man¬ 
agement  process  model  presented  in  Chapter  2,  Figure  2.1,  will  facilitate  this. 
In  this  planning  meeting  just  discussed,  the  management  team  has  reviewed 
the  output  from  their  performance  measurement  decision  support  systems.  As 
presented,  the  MFPMM  played  an  integral  role  in  this  performance  measurement 
process.  The  management  group  evaluated  the  data  from  the  MFl’MM  and  other 
performance  measurement  systems.  They  developed  and  evaluated  projected 
scenarios  of  company  performance  utilizing  the  MFPMM  simulation  subroutine. 
They  developed  specific  action  plans  necessary  to  cause  the  most  desirable 
scenario  to  be  achieved.  The  commitment  to  and  quality  of  follow-through  on 
these  action  plans  by  the  various  managers  and  functions  involved  will  even¬ 
tually  determine  the  degree  to  which  performance  and  productivity  will  be 
controlled  and  improved.  Planning  was  necessary  and  was  involved  in  order  to 
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Table  5.7c  LINPRIM  Boat  Example,  Columns  7-1 3  (MFPMM)  (VPI/ VPC  Version) 
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Table  5  Jd  LINPRIM  Boat  Example,  Columns  14-19  (MFPMM)  (VPI/ VPC  Version) 
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Figure  5.12  MFPMM  Decision  Support  System — Monthly  Productivity  Improvement  Planning 
Session  Action  Plan  Assignment 
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Figure  5.13  Productivity  Management  Process 
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MFPMM  Software  Support 

The  MFPMM  is  a  highly  interactive,  online  system  possessing  several  appealing 
software  features  that  make  it  a  valuable  decision  support  system.  Complete 
documentation  in  the  form  of  a  user's  guide  that  describes  the  model  and  its 
features  is  available  to  assist  the  new  user  with  implementation  of  the  MFPMM. 
The  software  features  will  be  briefly  described  here  in  essentially  the  same 
sequence  they  would  appear  during  execution. 

Data  Input 

Quantity  and  price  for  each  output  and  input  of  the  entity  being  analyzed  are 
required  to  run  the  model.  This  information  can  be  entered  into  the  model  bv 
reading  it  from  an  existing  data  file  or  inputting  it  interactively.  If  the  data  are 
input  interactively,  the  user  has  the  option  of  running  the  model  only  once  with 
the  data  or  sending  the  data  to  a  file  to  be  saved  for  future  use.  Either  way  the 
data  are  entered,  only  a  short  response  is  required  from  the  user.  (Sometimes 
a  "Y"  for  yes  or  an  "N"  for  no  is  all  that  is  necessary.) 


232 


After  the  data  are  entered,  the  model  displays  the  data  as  they  exist  to  the 
user  for  verification.  The  data  are  segmented  into  small  sections  for  ease  of 
viewing  on  a  CRT.  As  each  section  is  displayed,  the  user  has  the  opportunity 
to  change  any  of  the  data  for  that  particular  execution.  If  the  data  that  were 
changed  existed  in  a  file,  the  file  will  not  be  changed.  . 

Base-to-Current-Period  Analysis 

Once  quantity  and  price  data  have  been  entered  and  verified,  three  tableaus  are 
displayed  providing  the  user  with  a  dynamic  productivity  report.  After  the 
tableaus  are  displayed,  the  user  has  the  opportunity  to  receive  a  hard  copy  of 
the  tableaus  by  simply  answering  "Y"  for  yes.  The  user  will  then  be  given 
instructions  pertaining  to  the  sensitivity  analysis  stage  of  the  model  and  asked 
if  he  or  she  wants  to  continue.  Answering  "Y"  will  enable  the  user  to  proceed; 
answering  "N"  will  terminate  the  session. 

Sensitivity  Analysis 

Probably  the  most  appealing  feature  of  the  VPI/VPC  model  is  the  simulation 
routine,  which  allows  a  sensitivity  analysis  of  projected  data.  This  feature  es¬ 
sentially  allows  the  user,  to  play  a  "what-if"  game  with  the  model.  The  user  has 
the  opportunity  to  compare  a  projected  period  to  the  base  period  or  the  current 
period,  but  first  he  or  she  must  enter  a  desired  future  value  for  "total  inputs' 
effect  on  change  in  profitability"  (last  row  in  Column  19).  For  example,  if  the 
user  were  comparing  a  projected  period  to  the  current  period  and  he  or  she  did 
not  want  his  or  her  level  of  profitability  to  change,  he  or  she  would  enter  a 
desired  value  of  "0." 

In  order  to  perform  the  sensitivity  analysis  of  projected  data,  pessimistic,  most 
likely,  and  optimistic  estimates  must  be  entered  for  each  category  the  user  wishes 
to  vary  in  the  projected  period.  Any  combination  of  output  and  input  quantities 
and  prices  can  be  projected. 

After  all  quantity  and  price  projections  have  been  made,  a  histogram  plot  and 
probability  statement  are  displayed.  The  histogram  depicts  the  results  of  Monte 
Carlo  simulation,  which  has  generated  100  random  outcomes.  The  100  data 
points  on  the  histogram  represent  the  100  simulated  values  for  total  inputs' 
effect  on  change  in  profitability  based  on  projections.  The  probability  statement 
tells  the  user  how  many  of  the  100  simulated  values  were  greater  than  or  equal 
to  the  desired  value.  The  histogram  and  probability  statement  give  the  user  a 
very  good  indication  as  to  whether  or  not  the  projected  scenario  will  result  in 
the  desired  change  in  profitability  without  even  looking  at  the  tableaus. 

After  the  histogram  plot  and  probability  statement  are  displayed,  the  user  has 
the  opportunity  to  create  another  scenario  (make  more  projections  or  change 
some  of  the  previous  projections).  For  each  scenario  created,  a  histogram  plot 
and  probability  statement  can  be  generated.  Again,  the  user  has  the  opportunitv 
to  get  a  hard  copy  if  desired. 
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When  the  user  has  completed  this  part  of  the  session,  the  three  tableaus  will 
be  displayed  again  with  the  results  reflecting  projected  period  values.  During 
both  the  base-to-current  period  analysis  and  the  projected-period  analysis,  the 
user  has  the  option  of  seeing  all  three  tableaus  or  just  the  total  inputs  line  of 
the  third  tableau  (Columns  14-19).  Throughout  execution  of  the  model,  the  user 
is  given  opportunities  to  have  hard  copies  printed  of  what  is  on  the  CRT  if  a 
printer  is  available. 

The  model  as  it  exists  is  extremely  "user-friendly,"  but  the  model  is  continually 
being  developed  and  refined.  Also,  added  graphics  capabilities  are  being  in¬ 
vestigated  as  a  means  of  improving  the  clarity  with  which  results  can  be  dis¬ 
played  and  understood.  Industry  pilot  studies  with  the  model  are  underway, 
and  it  is  anticipated  that  the  experience  gained  through  participation  in  these 
pilot  studies  will  contribute  to  further  MFPMM  enhancements.  More  information 
regarding  software  support  can  be  obtained  by  contacting  the  author. 
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APPENDIX  A. 4 


Detailed  Description  of  LTV's  Integrated  Approach 


LTV1  s  Integrated  Approach 

LTV  Aerospace  aud  Defense  Company's  V.mtjht;  A^ro  Pro.liirr*  Division  (VAPD)  has 
developed  a  comprehensive  productivity  improvement  program  Chat  operates  at 
different  levels  of  business  activity,  from  total  corporation  down  through 
departmental  level';.  The  program  assimilates  productivity  improvement  themes 
into  the  routine  operations  of  Che  company  by  focusing  attention  on  the 
following: 

1.  Strategic  Plan: 

2.  Development  Plan: 

3.  Budgets: 


4.  Operations: 

5.  Profits: 

generate  savings  and  profits 


establish  competitive  productivity  targets 
select  projects  with  employee  participation 
synchronize  budgetary  controls  with  productivity 
targets 

use  measurements  to  monitor  performance 
apply  Department  of  Defense  (DOD)  incentives  to 


Competitive  Targets 

Companies  can  establish  competitive  targets  for  productivity  improvement  with 
Che  aid  of  a  mathematical  relationship  Chat  exists  between  profitability, 
productivity  and  price-recovery: 


COST 

- 

RESOURCE  QUANTITY 

X 

RESOURCE  PRICE 

SALES 

PRODUCT  QUANTITY 

PRODUCT  PRICE 

PROFITABILITY 

m 

PRODUCTIVITY 

X 

PRICE-RECOVERY 

Here  profitability  is  the  ratio  of  "cost"  to  "sales".  Productivity  is  the 
"input: output"  relation  of  resources  consumed  and  products  or  services 
produced.  Price-recovery  deals  with  relative  inflation,  or  the  extent  to 
which  increases  in  the  cost  of  resources  are  recovered  through  product  price 
changes.  The  mathematical  relationship  remains  just  as  true  for  a  whole 
industry  as  for  individual  corporations. 
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Since  forecasts  of  industry  sales,  profits  and  inflation  are  commercially 
available,  it  is  possible  to  calculate  an  industry's  anticipated  productivity 
improvement.  Companies  can,  therefore,  compare  their  own  potential  for 
improvement  with  the  industry  and  select  a  competitive  productivity  target 
which  will  produce,  over  time,  a  strategic  advantage  in  pricing  (Figure  1). 
Productivity  Projects 

Productivity  is  not  a  new  imperative.  It  has  been  relevant  since  the  start  of 
the  industrial  revolution.  In  the  early  years  of  industrialization, 
production  methods  were  labor  intensive.  Therefore,  the  effort  to  improve 
operations  was  focussed  on  "production  efficiency".  This  started  a  tradition 
which  narrowly  associated  productivity  with  production  labor.  That 
single-minded  attention  to  production  is  undergoing  a  change.  Improvements  in 
manufacturing  technology  have  modified  the  cost  structure  of  products.  The 
cost  drivers  have  shifted  irom  production  to  support  and  overhead  areas 
(Figure  2).  In  the  context  of  total  company  modernization,  therefore,  a  local 
focus  on  manufacturing  is  insufficient.  Manufacturing  modernization,  by 
itself,  cannot  fulfill  the  goal  of  competitive  improvements  in  productivity. 
Productivity  goals  must,  therefore,  be  broadened.  To  appreciate  the  diverse 
applications  of  new  projects  for  productivity  improvement,  consider  the  list 
in  Table  1.  The  cited  projects  are  a  small  selection  from  the  vide  range  of 
modernization  initiatives  being  taken  at  Vought  Aero  Products  Division. 

They  nevertheless  demonstrate  that  it  is  feasible  to  simultaneously  address 
all  facets  of  company  costs. 

Total  modernization  of  a  company  is  a  substantial  task  and  it  is  helpful  to 

accomplish  it  in  a  cooperative  effort  by  all  employees.  VAPD  utilizes  the 

1  2 

Nominal  Group  Tecnnique  '  to  conduct  employee  participation  meetings  and 
generate  ideas  tor  productivity  improvement.  Employees  voce  on  their  ideas 
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1M>  FORECAST 


FIGURE  1  COMPETITIVE  PRICING  BENEFITS 


FIGURE  2  CHANGE  IN  COST  DRIVERS 


TABLE  1  "PRODUCTIVITY  PROJECTS 


PROGRAM 

FOCUS 

•  FLSUBLE  MANUFACTURING 

PRODUCTION 

•-COMPUTER-AIDED -DESIGN 

ENGINEERING 

•  COMPUTER-AIDED 

SUPPORT 

MANUFACTURING 

•  INVENTORY  REDUCTIONUUST-IN- 

OVERHEAD 

TIME 

•  AUTOMATED  PROCUREMENT 

MATERIALS 

•  OFFICE  OF  THE  FUTURE 

WHITE  COLLAR 

•  EMPLOYEE  BAOGE  BASED  AUTO- 

SECURITY  AND 

NATION  (ENTRY.  ATTENDANCE. 

FINANCE 

PAYROLL? 

•  ENERGY  MANAGEMENT  SYSTEMS 

ENERGY 

•  ARTIFICIAL  INTELLIGENCE  BASED 

«»AI  W 

BIDS  AND  PROPOSALS 

•  AUTOMATED  WAREHOUSING 

WAREHOUSING 

SYSTEMS 

•  EMPLOYEE  MOTIVATION  AND 

GENERAL 

GAINSHARING 
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co  create  a  ranked  1j.sc.  Higher  ranked  ideas  are- packaged  into  projects  and 
cose  analyzed  for  review  by  departmental  management  (Table  2).  By  this 
process,  each  department  develops  a  long-range  productivity  improvement 
program  for  implementation  in  its  area. 

Budgets  and  Controls 

Competitive  productivity  improvement  is  a  demanding  objective.  For  a  company 
incurring  $1  billion  in  costs  of  goods  sold,  a  52  productivity  improvement 
target  implies  annual  cost  reduction  of  about  $50  million.  Such  goals  require 
budgetary  discipline.  If  an  expansive  budget  is  approved  at  the  start  of  the 
year,  it  cannot  yield  cost  efficiencies  by  year-end.  The  environment  for  cost 
improvement  must  be  built  into  the  budget,  ahead  of  time. 

Equation  (1)  suggests  that  productivity  improvement  targets  and  operating 
costs,  or  budgets,  are  mathematically  related.  Sales,  costs  and  profits  are 
all  influenced  by  productivity.  However,  the  scope  of  that  influence  is 
masked  by  inflation.  If  the  effects  of  inflation  are  removed,  by  comparing 
sales  and  costs  in  "constant  dollars",  changes  in  productivity  become  apparent 
(Figure  3).  VAPO  uses  these  relationships  to  monitor  cost  and  productivity 
trends  at  the  company  level.  As  shown  in  Figure  4,  costs  or  budgets  are 
expressed  as  a  percentage  of  "output".  Output  is  defined  as  "sales  plus 
change  in  inventory".  Management  of  this  cost  index  is  considered  vital  to 
the  control  of  the  total  company  budget. 

Department  level  budgets  can  be  derived  from  the  total  company  budget  by 
following  two  principles.  First,  the  principle' of  limited  resource  states 
chat  total  resources  allocated  to  the  departments  must  equal  those  allocated 
to  the  company.  Within  that  premise,  productivity  targets  do  not  have  to  be 
uniform  in  all  departments.  However,  below  nominal  assignment  of  imoroverrenc 
targets  to  certain  departments  have  to  be  compensated  by  above  nominal 
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TABLE  2  PROJECT  SELECTION  AND  ANALYSIS 


HUMAN  RESOURCES 


EXAMPLE  OP  EMPLOYEE  PARTICIPATION  (NGT)  RESULTS  FOR  ONE  PROJECT 


RANKINS 

PROJECT 

VOTES 

SCORE 

■RM  . . 

11  2 

Assigned  to 
(MOD 

Employs*  Badge  Based  Automation: 

•  Closed  Circuit  TV  Check  at  Entry  and  Exit 

+  Automated  Attendance  -  ESminate  Time  Cards 

«  Automated  Vehicle  Parking  Assignment 

•  Automated  Guard  Assignment  Schedules 

7 

31 

COST  ANALYSIS  FOR  PROJECT:  EMPLOYEE  BADGE  BASED  AUTOMATION 


POTENTIAL  IMPROVEMENT 

IMPLEMENTATION 

PROJECT 

vmmm* 

COSTS 

SM 

FOCUS 

ntmrf 

tmmmm 

I*  MU* 

%mmm *r 

cm* 

met 

•  Employee  Badge 
Based  Automaton 

96 

38 

15.0 

5.7 

•  Security 

18 

4000 

7 

1400 

6.0 

0.8 

S  2.5M/YR 

0.7 

11.2 

21.0 

S~4.825M 

4.2 

2.0 

•Meil  Room 

•General 

•interest 
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TIME 


ESSENTIAL  PRODUCTIVITY  PARAMETERS 


I  SALES  | 


I  COSTS  OR  SUPOETS  1 


|  INFLATION 


FIGURE  3  MODEL  OF  PRODUCTIVITY 
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COSTS/OUTPUT* 
PERCENT  DECREASE 
(CONSTANT  DOLLARS) 


PRODUCTIVITY 


’OUTPUT  -  SALES  ♦  CHANGE  IN  INVENTORY 

FIGURE  4  TREND  OF  DECLINING  COSTS 
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assignment  to  others.  Second  is  the  principle  of  shared  targets  which  states 
Chat  the  responsibility  for  improving  productivity  for  a  resource  can  be 
shared  by  two  or  more  departments.  For  example,  capital  and  energy  resources 
are  commonly  shared.  By  making  a  fair,  pre-negotiated  allocation  of  the 
actual  performance,  favorable  or  otherwise,  amongst  sharing  departments,  team 
play  can  be  encouraged. 

Performance  Measurement 

Companies  have  used  performance  measurements  in  the  production  area  for  many 
years.  However,  production  costs  and  their  proportional  ratio  to  total 
company  costs  have  progressively  declined.  The  resulting  modification  of  the 
cost  structure  has  created  the  need  to  address  both  production  and 
nonrpr eduction  costs.  VAPD  has,  therefore,  expanded  the  application  of 
measurements  to  its  non-production  areas. 

The  traditional  method  of  measuring  performance  in  the  production  area 

involves  the  use  of  work  standards.  Such  Standards  are  developed  by  a 

cost-intensive,  analytical,  multi-step  method  shown  in  Figure  5  A.  While 

effective  in  the  production  area,  this  technique  is  costly,  specialized,  and 

cannot  be  universally  applied  to  overhead  and  support  functions.  Therefore, 

VAPD  uses  other  simpler  and  less  cost-intensive  methods  for  application  in 

non-production  areas.  Techniques  such  as  "input: output"  or 

3 

"activity: indicator"  ratios  ,  as  shown  in  Figure  5  B  are  utilized  to 
provide  reliable  measurement  at  a  lower  cost. 

Figiires  6  and  7  illustrate  the  performance  charts  used  at  the  unit  level  and 
the  department  level.  The  charts  feature  sections  denoted  as  "PERFORMANCE" 
and  "RATING".  The  PERFORMANCE  shown  pertains  to  individual  measurement. 

Since  measurements  are  often  diverse  and  cannot  be  mathematically  added,  the 
RATING  category  is  used  to  convert  ail  performances 
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PERFORMANCE 
MAN-HOURS/UNITS  PAOOUCEO 

HO  /VI 


CASE 

PERFORMANCE 

RATING 

BEST:* 

40.00 

10.00 

WORST:* 

50.00 

0.00 

PRESENT  QUARTER: 

53.00 

4.33 

YEAR  TO  OATE: 

60.50 

5.39 

*  -  JUDGEMENT  CALLS 


FIGURE  6  UNIT  LEVEL  PERFORMANCE 
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RATING 
1-10  SCALE 


FIGURE  7  DEPARTMENT  LEVEL  PERFORMANCE 
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CO  a  common  scale  of  0  ("worse  case")  Co  10  ("besc  case").  Such  a  conversion 
allows  comparison  between  diverse  measurements,  as  well  as  calculation  of  a 
department's  total  performance.  In  this  manner,  measurements  are  used  to 
monitor  performance  improvement  and  provide  cost  trends  for  future  bids  and 
proposals. 

Savings 

Two  problems  have  been  cited  most  frequently  as  inhibiting  productivity 
improvement  and  modernization  in  defense  contracts: 

.  Program  uncertainties 

.  A  cost-oriented  rprof  it  policy 

In  the  first  instance,  risks  are  introduced  which  hinder  investment 
amortization  and  inhibit  long-term  planning.  Due  to  the  second  problem,  a 
contractor  may  actually  see  profits  reduced  as  a  result  of  efforts  to  improve 
productivity  and  reduce  costs.  DOD  has  introduced  an  Industrial  Modernization 

4 

Incentive  Program  (IMIP)  as  a  tool  to  overcome  these  impediments  .  The 
central  idea  in  IMIP  is  to  negotiate  a  business  arrangement  with  benefits  to 
both  parties: 

.  Contractor  -  investment  protection 

-  shared  savings 

.  Customer  -  reduced  acquisition  costs 

Investment  protection  to  the  contractor  overcomes  risk  associated  with  program 
instability.  Shared  savings  on  current  and  future  programs  increase  Che 
contractor's  rate  of  returns  and  profits. 

The  IMIP  program  is  especially  attractive  because  its  concept  of  shared 
savings  can  be  applied  to  both  manufacturing  and  non-manufacturing 
modernization.  Since  VAPD  nas  a  broad  based  program  for  productivity 
improvement  initiatives  in  all  departments,  it  has  developed  a  uniform 
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Approach  co  UUP  which  is  based  on  Che  assumption  chac  Che  contractor's  sharea 
savings  would  come  from  improvements  in  performance*  Improvements  are 
measured  by  comparing  a  pre-determined  "baseline"  performance  with  "actual" 
performances  in  the  future  (Figure  8).  Readily  available  measurements  are 
used  to  monitor  the  performance  of  modernization  projects  (Table  3).  Shared 
savings  for  any  given  year  are  calculated  in  three  steps  as  shown  in  Table  4. 
Step  1  measures  "improvement" ,  step  2  calculates  "savings"  and  step  3 
"allocates"  savings  to  multiple  programs*  It  should  be  noted  that  the  IM1P 
program  allows  DOD  agencies  to  mutually  agree  and  designate  a  lead  buying 
office  for  each  company  where  UUP  is  to  be  pursued.  That  buying  office 
becomes  the  UUP  focal  point  for  the  contractor  to  accommodate  modernization 
projects  that  cut  across  multiple  programs. 

The  productivity  improvement  program  described  above  serves  the  special  needs 
of  VAPD.  While  some  of  its  features  may  have  wider  application,  it  is  not  a 
magic  formula  for  success.  More  important  than  the  structure  of  any  program 
is  the  degree  to  which  the  usage  of  productivity  tools  becomes  natural  co  a 
company's  daily  operation.  A  program,  at  its  best,  becomes  so  pervasive  as  co 
be  anonymous. 
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FIGURE  8  PERFORMANCE  MEASUREMENT 
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TABLE  3  EXAMPLES  OF  MEASUREMENTS 


PROJECT 

MEASUREMENT 

OFFICE  OF  THE  FUTURE 

S  TECHNICAL  PUBLICATIONS  A  REPRODUCTION 

S  VAPO  SALARIED  LABOR  COSTS 

INVENTORY  REDUCTION 

S  AVERAGE  WIT  INVENTORY 

S  ANNUAL  SALES  *  CHANGE  IN  WIP 

FLEXIBLE  MANUFACTURING 

S  COST  OF  SALES  (AFFECTED  PARTS) 

$  AS4S  STANDARD  HOURS 

I 
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TABLE  4 


CALCULATION  OF  SHARED  SAVINGS 


Step  1  -  Improvement: 


baseline 

PERFORMANCE 

PERFORMANCE 
IN  YEAR  I«) 

IMPROVEMENT  (%) 

B 

Ai 

(B  -  Ai)  % 

Step  2  •  Savings: 

INCREMENTAL  SAVINGS 
PER  PERCENT 
IMPROVEMENT  (S/%) 

TOTAL 
SAVINGS  <S) 

CONTRACTOR'S 
SHARE (%) 

PSR 

(S) 

U 

Si—  li  (B-Ai) 

C% 

P-C* 

Step  3  -  Allocation: 

Proeram 

L 

M 

N 

Sales  ±  Change  in  W!P  (%) 

20 

50 

30 

Allocated  PSR  (S) 

0.2P 

OJP 

0.3P 

Total 


100 


P 
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COST-BENEFIT  ANALYSIS/COST-BENEFIT 
TRACKING  AT  VOIWSHT  AF.RO  PRODUCTS 


One  of  Che  functional  components  of  Che  VAPD  productivity  improvement  program 
is  Che  cost-benefit  analysis/ cost-benefit  tracking  model*  This  model  is 
linked  to  the  remaining  program  models  to  create  an  integrated  approach  to 
productivity  improvement.  The  model's  generic  approach  is  fully  adaptable  to 
multi-program  manufacturing  environments  as  well  as  to  opportunities  for 
non-production  oriented  improvements. 


COST  DRIVER  ANALYSIS 


Traditionally,  defense  contractors  have  considered  manufacturing  as  their 
primary  cost  driver.  Developments  in  technology  have  produced  a  significant 
change  in  the  cost  structure  of  major  contractors  as  evolving  technology  is 
implemented  on  the  factory  floor.  The  results  of  these  efforts  are  best 
understood  by  examining  Figure  1.  In  recent  years,  production  technology 
applications  and  reduced  production  quantity  requirements  have  worked  together 
to  dramatically  shift  cost  drivers  away  from  manufacturing  toward  the  indirect 
functions  of  materials  and  overhead.  These  "indirect  functions"  have  become 
the  predominant  cost  drivers  for  defense  contractors  today. 


Figure  !  Cost  Driver  Shift 
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The  cost  driver  shift  demonstrates  that  contractor  survival  in  today's 
competitive  environment  requires  productivity  improvement  and  cost  savings  in 
all  functions,  not  just  those  associated  with  production.  Hence,  the  scope  of 
modernisation  efforts  mist  the  expanded  to  encompass  the  total  factory. 


1M1P  offers  an  especially  attractive  means  to  approach  total  factory 
modernization  because  of  its  adaptability  to  both  manufacturing  and 
non- manufacturing  functions.  UUP  creates  opportunities  to  address  the  shift 
in  cost  drivers  by  allowing  contractors  to  tailor  their  participation  to 
reflect  their  changing  environment.  In  this  respect,  IMIP  is  a  welcomed 
opportunity  to  those  contractors  who  operate  in  a  multi-program  environment. 
With  flexibility  built  into  the  program,  defense  contractors  can  develop 
approaches  to  modernization  that  maximize  the  productivity  gain  from  project 
expenditures  as  well  as  reduce  government  procurement  costs. 

Maximizing  productivity  gains  begins  with  contractor  matching  of  modernization 
projects  to  cost  drivers.  This  approach  follows  the  concept  of  "going  after 
the  moose,  not  the  mice"  by  addressing  those  cost  drivers  or  components  that 
offer  the  best  potential  for  productivity  gains.  Once  the  cost  driver 
analysis  is  coexisted,  a  formal  plan  for  addressing  these  opportunities  can  be 
formulated  in  terms  of  specific  modernization  projects.  A  typical  cost  driver 
based  modernization  plan  is  shown  in  Figure  2  for  the  materials  functions. 


Ft'ture  2  Cost -Driver -Hosed  Modernization  Plan  for  Materials  Function 
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Success  in  using  this  spprosch  depends  upon  s  sufficiently  detsiled  cost 
driver  snslysis  end  the  identification  of  each  project's  major  impact  area. 

The  structured  examination  of  project  impact  will  often  result  in  project 
application  to  synergic  multiple  cost  areas  and  therefore  expand  the  potential 
for  productivity  gain. 


IMIP  Master  Contract 

Most  contractors  who  operate  in  a  multi-program  environment  will  find  it 
beneficial  to  use  an  IMIP  approach  that  is  conducive  to  that  environment. 

IMIP  allows  the  utilization  of  a  Master  Contract  Methodology  that  facilitates 
a  more  practical  application  to  operating  structures  and  business  bases.  The 
approach  is  best  structured  in  terms  of  the  example  shown  in  Figure  3. 
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Preamble  and  Memorandum  of  Understanding 

The  baseline  Master  Control  includes  the  Preamble  and  Memorandum  of 
Understanding  (MOU)  that  serve  as  the  formal  contractual  building  blocks  for 
any  1MIP  effort*  The  Preamble  address  cost/benefit  measurement/ tracking 
methodology*  customer/ contractor  shared  savings  methodology*  application 
examples  and  modernization  opportunities.  The  MOU  focuses  on  operational 
methodology  in  addressing  and  accomplishing  modernization  projects  and 
contains  the  Core  Document.  The  structured  methodology  described  in  the  MOU 
establishes  an  umbrella  approach  to  IMIP  that  is  compatible  with  the 
multi-program  environment.  Additionally,  the  Master  Contract  satisfies 
baseline  terms  and  conditions  requirements  through  the  use  of  a  Core 
Document.  This  portion  of  the  IMIP  documentation  contains  the  conmon 
nomenclature  and  application  philosophy  that  is  in  all  IMIP  project  . 
applications.  The  document  serves  as  an  operational  baseline  utfcrella  over 
all  IMIP  activities. 

IMIP  Clause 

With  common  contractual  and  application  elements  addressed  in  the  Core 
Document,  the  IMIP  approach  is  tailored  to  specific  program/ modernization 
project  needs  and  operating  provisions  through  discrete  IMIP  clauses.  The 
IMIP  Master  Contract  includes  a  separate  IMIP  Clauae  for  each  program  affected 
by  the  modernization  effort.  The  individual  clauses  detail  the  operating 
provisions  necessary  and  applicable  to  the  corresponding  subject  programs. 


Document  Flexibility 

The  reliance  upon  the  Core  Document  to  provide  the  common  terminology  and  data 
requirements  makes  possible  the  creation  of  a  living  document  that  reacts  to 
the  contractor's  changing  environment.  As  IMIP  projects  are  completed,  their 
appropriate  Individual  Project  Addendum  can  be  deleted  from  the  Master 
Contract.  Likewise,  when  opportunities  for  new  IMIP  projects  arise,  they  can 
be  documented  in  individual  Project  Addenda  and  added  to  the  Master  Contract. 
In  this  fashion,  the  Master  Contract  facilitates  a  less  tedious  approach  to 
IMIP  project  management. 


Individual  Project  Addendum 

Since  many  individual  modernization  projects  offer  a  synergistic  benefit  and 
thus,  can  impact  multiple  programs,  the  use  of  Individual  Project  Addenda  is 
appropriate.  A  separate  Individual  Project  Addendum  for  each  project  provides 
specific  information  as  to  investment,  savings  attributable  to  implementation, 
cost/benefit  cracking,  and  ocher  information. 
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Cost-benefit  Measurement  and  Tracking 

The  success  of  an  IMIP  project  often  rests  with  the  effectiveness  of  the 
Cost/Benefit  Measurement/Tracking  System  used  to  manage  the  project  and 
measure  actual  benefits  gained.  The  measurement  techniques  that  are 
applicable  for  measuring  performance  in  the  manufacturing  function 
traditionally  rely  upon  work  measurement  standards.  While  effective  in  the 
production  area,  this  technique  is  costly,  specialized,  and  cannot  be 
universally  applied  to  overhead  and  support  functions.  The  multi-program 
environment  and  opportunities  for  modernization  gains  in  nonmanufacturing 
areas  create  needs  not  met  by  traditional  measurement/ tracking  methods. 

The  challenge  faced  in  the  multi-program  environment  is  to  measure  total 
factory  cost  while  maintaining  a  balance  between  the  cost  of  measurement 
activity  and  the  magnitude  of  the  savings  being  measured.  Simpler,  less 
cost-intensive  techniques  have  been  developed  for  application  in 
nonmanufacturing  functions.  Techniques  such  as  " input: output"  or 
"activity: indicator"  ratios,  as  shown  in  Figure  4,  are  being  used  to  provide 
reliable  measurements  at  lower  cost. 


A.  PRODLCTION  AREAS 

|»On  STAND  ARDnI 
TRACK  FCRFOR.M  ANO. 

4 

WORK  STANDARD* 

4 

ESTIMATE  '  Alt  I* 

4 

IlltNTin  tLtMF.NTS 

4 

STANDARD  METHOD 

4 

AN  ALT  zt  i*ractick 


B.  NONPRODICTION  AREAS 

|  INRl  T:  OtTPLT  | 

MAN.HOl.Rs 
I.OTs  |N>FKLn.ll 

|  VtTIMTV  INIW  AlOR  I 

N|  MBtH  OF  1 l  sTODIANs 
MJl  AKt  IH.T  li  t  ANH> 


Figure  4  Cost  /Benefit  Measurement /Tracking 
Techniques 


A  comprehensive,  yet  flexible  Cost/Benefit  Measurement/Tracking  System  is  a 
key  element  in  the  generic,  multi-program  approach  to  LMl?  application.  The 
proper  selection  of  effective  measurement  techniques  is  essential  to  a  valid 
portrayal  of  both  AS-LS  and  TO-BE  costs  as  well  as  benefits  achieved.  The 
measurement  must  be  carefully  selected  to  emphasize  the  major  project  impact 
area.  Components  of  the  measurement  should  be  provided  by  an  existing  data 
collection  system,  thereby  eliminating  the  need  for  the  creation  of  costly  and 
unique  data  bases.  When  selected  in  the  proper  manner,  the  measurements  are 
not  linked  to  detail  component  specification,  but  possess  a  generic  property 
not  achievable  by  linkage  to  specific  part  numbers  or  system  characteristics. 
Examples  of  this  generic  measurement  approach  are  provided  in  Figure  5. 
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FIOBU  MANtT ACTtMMC 
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1  AM*  STANDARD  HOAR* 

Figure  5  Examples  of  Measurements 


Shared  Savings  Methodology 

The  generic  aeasureaenC  technique  associated  with  cost/benefit  tracking  and 
shared  savings  determination  eaiploys  measurements  similar  to  those  examples  in 
Figure  5.  The  results  from  application  of  such  measurement  techniques  are  the 
essential  input  required  to  determine  and  allocate  shared  savings.  Selection 
of  the  proper  measurement  is  the  first  step  in  the  process  of  properly 
determining  cost/benefit  values  for  a  particular  IMIP  project  and  subsequent 
savings  allocation.  This  progressive  process  is  illustrated  in  Figure  6. 


STEP  I  -  SELECT  A  MEASUREMENT 

STEP  J  -  DEFINE  BASELINE  (T] 

STEP  3  -  MEASURE  THE  ACTUAL 
PERFORMANCE  Q] 

STEP  4  -  CALCULATE  r«  IMPROVEMENT: 


STEP  5  -  CALCULATE  INC  REMENTAI.  SAVINON 
PER  PERCENT  IMPROVEMENT:  I 


STEP  A  -  DETERMINE  ACTl  AL  SAV  INOS: 
S  .  M*  I 


STEP  ?  -  CALCULATE  SHARED  *AMNOs: 

P  •  S*  F  WHERE  E  •  ri  SHAKE 


STEP  i  -  SELECT  ALLOCATION  BASE 


STEP  9  -  ALLOCATE SAVIM.S 

PROCRAM  ^  Ji  i.  LOT  A I 

ALLOCATION  BASE  r  !!i  JTl  50  IUO 

psr  ».:!•  ».<p  p 


Figure  6  Shared  Savings  -.Ih 
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Establishment  of  a  baseline  that  represents  the  reference  point  from  which 
both  technology  improvement  and  time  sequence  are  measured  is  the  next 
essential  step.  Using  this  starting  point,  actual  performance  can  be  measured 
and  the  improvement  calculated  as  a  percentage  improvement.  The  dollarized 
incremental  impact  of  each  percent  change  is  calculated  and  used  to  determine 
total  savings. 

The  savings  identified  in  a  multi-program  environment  must  be  apportioned  to 
those  programs  impacted  by  the  modernization.  Hence,  the  selection  of  an 
allocation  base  that  represents  a  measurable  characteristic  of  the  project. 

For  example,  an  allocation  base  might  be  AS-IS  standard  hours,  salaried  labor 
cost,  direct  labor  costs,  etc.  Once  established,  this  allocation  base  is  then 
applied  to  those  programs  impacted  by  the  IMIP  project  to  determine  the 
appropriate  savings  share  that  each  program  must  carry.  This  percentage 
allocation  technique  makes  possible  the  recognition  of  the  multiple  program 
impact  that  is  associated  with  total  factory  modernization. 


To  provide  the  required  cash  flow  analysis,  a  DCF  aodel  is  eaployea. 
Applicable  to  either  capital  intensive  projects  or  those  requiring  little 
or  no  capital  expenditures,  the  aodel  takes  into  account  lncreaental 
contractor  cash  flow  arising  froa  project  iapleaentation.  Although 
differing  project  acceptability  aeeaurea  are  used,  the  aodel  provides  a 
aysteastlc  exaalnatlon  of  the  lapact  of  the  project  to  both  the  buyer  ana 
seller.  The  coaputer  generated  aodel  la  shown  in  Figure  6A. 


I  Ml?  Projecc  Application 

The  generic  technique  for  shared  allocation,  as  described  above,  is  applicable 
to  two  distinct  IMIP  project  classifications.  The  first  hypothetical  example, 
Flexible  Machining,  is  a  Modernization  Investment  Project  (MIP) 
classification.  Non-capital-intensive  projects,  which  are  encitled 
Modernization  Efficiency  Projects  (MEP),  are  represented  by  the  second 
hypothetical  exampLe,  Employee  Benefits  Alterations. 
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FIGURE  6A  Discounted  Cash  Flow  R.O.I.  Analysis 
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Mo4erni.zaci.on  Investment  Project  -  A  Practical  Example 

Our  production-oriented  modernization  project  (MI?)  example  is  Flexible 
Machining.  This  project  is  capital  intensive  and  entails  an  investment  of 
approximately  $10  million.  The  benefit*  associated  with  the  project  are 
realized  from  the  labor  savings  for  automated,  computer-controlled  fabrication 
versus  stand-alone,  three-axis  and  four-axis  conventional  fabrication. 

Since  this  project  pertains  to  production  efforts,  the  selected  allocation 
based  is  standard  hours.  This  selection  sets  the  determinate  factor  used  in 
the  shared  savings  analysis.  The  project's  selected  measurement  then  becomes: 


S  COST  OF  SALES  OF  AFFECTED  PARTS  PER  AS-IS 
STANDARD  HOUR 


IMIP  incentives  are  based  on  actual  results,  hence  the  calculation  of  the 
first  six  months'  shared  savings  is  based  on  the  actual  experience  illustrated 
in  Figure  7  and  shown  below: 


STANDARD*HOURS 

12.494 

DIRECT  PRODUCTION  HOURS 

20.726 

TOTAL  COST 

S2.430.496 

COST  PER  STANDARD  HOUR 

S194.53 

COST  (SI 
PER 

STANDARD 
HOUR 
•  OLD* 
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Using  the  previously  described  elemental  allocation  technique,  the  shared 
savings  associated  with  actual  performance  in  the  MIP  example  are  developed. 
A  summary  of  the  shared  savings  allocation  determination  is  provided  in 
Figure  8. 


DESCRIPTION 

VALLE 

1. 

DEFINE  .MEASUREMENT 

i$>  COST  OF  AFFECTED  PARTS 

AS-IS  STANDARD  HOURS 

N 

DEFINE  BASELINE 

S279/STANDARD  HOUR 

3. 

MEASURE  ACTU  AL  PERFORMANCE 
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4. 

DETERMINE  ri  IMPROVEMENT 

30*V 

5. 

CALCULATE  INCREMENTAL  SAVINGS 
PER  *V  IMPROVEMENT 

$35,000 

6. 

ACTUAL  SAVINGS  DETERMINATION 

30x535.000  -  SI. 050.000 

7. 

SHARED  SAVINGS 

0.50  x  51. 050.000  -  $525,000 

S. 

ALLOCATION  BASE 

STANDARD  hours 

9. 

PROGRAM  ALLOCATION 

PROGRAM 
STANDARD  HOURS 
ALLOCATION  <*ol 
SAVINGS 

-!  JL 

30.000  13.000 

61  26 

$320,000  $137,000 

£ 

7.IW0 

1? 

56S.OOO 

Figure  8  MIP  Example  - 

Shared  Savings  Allocation 

The  cash  flow  associated  with  the  shared  savings  allocation  calculated  for  the 
HIP  example  is  presented  in  Figure  9.  Shown  are  both  the  contractor  and 
government  cash  flows  over  the  sharing  period.  In  the  figure,  the  solid  line 
indicates  the  forecasted  savings  flow  chat  would  result  in  a  50-percent  return 
on  investment  (ROI)  in  the  seventh  year,  at  which  time  the  sharing  agreement 
is  terminated.  The  dashed  line  represents  actual  experience  that  was  better 
than  chat  forecasted.  Hence,  a  positive  cash  flow  results  that  can  yield  an 
accelerated  time  frame  from  which  the  contractor  would  realize  a  50-percent 
ROI.  This  accelerated  cash  flow  would  probably  truncate  the  projected 
seven-year  sharing  period  to  a  shorter  time  span. 
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Figure  9  MIP  Example  -  Cash  Flow 


Modernization  Efficiency  Project  -  A  Practical  Example 


The  hypothetical  nonproduction  modernization  project  (MEP)  example  relates  to 
employee  fringe  benefits.  This  MEP  is  a  non-capital-intensive  project,  since 
it  requires  no  capital  investment.  The  cost  benefits  of  project 
implementation  are  derived  from  a  shift  in  the  health  care  benefit  coverage 
from  traditional  insurance  to  health-maintenance-organization-type  coverage. 

Alterations  in  benefit  coverage  in  the  first  year  result  in  lover  fringe 
benefit  costs.  Since  fringe  benefit  costs  are  directly  related  to  changes  in 
labor  costs,  the  selected  allocation  base  for  this  project  is  labor  dollars. 
The  measurement  selected  for  this  project  then  becomes: 


FRINGE  BENEFIT  COST  AS  OF  LABOR  COST 
OK 

FKINGE  BENEFIT  5 
LABOR  S 
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Historical  analysis  of  fringe  benefit  cost  yields  measurement  data  and  a 
forecasted  value  for  future  years*  This  information  is  presented  in  graphic 
format  in  Figure  10.  The  baseline  value  is  plotted  prior  to  project 
implementation  and  the  forecasted  value  tracks  activity  following  project 
implementation.  Actual  experience  for  the  first  year  indicates  a  favorable 
trend  in  fringe  benefit  cost  reduction.  Tracking  against  the  selected 
measurement  yields  a  value  of  14.4  percent. 
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Figure  10  MEP  Example  -  Actual  Experience  and  Forecast 


Using  the  previously  described  elemental  technique,  the  shared  savings 
associated  with  actual  performance  in  the  MEP  example  are  developed.  A 
sunmary  of  the  shared  savings  allocation  determination  is  provided  in 
Figure  11. 
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Total  Factory  Modernization  and  IMIP 


Contractor  expertise  in  developing  and  using  IMIP  is  still  evolving.  As 
practical  contractor  experience  matures,  recognizing  potential  IMIP 
opportunities  will  be  essential  for  modernizing  the  total  factory  and  reducing 
the  government's  procurement  costs.  The  flexible,  generic  approach  of  IMIP 
application  to  total  factory  modernization  can  be  the  tool  that  maximizes  the 
impact  of  contractors'  modernization  efforts.  This  generic  approach  is  key 
because  it  is  structured  to  include  nonmanuf securing  function  applications  as 
potential  opportunities. 

The  use  of  this  generic  IMIP  approach  can  provide  simple,  cost-effective 
techniques  for  implementing  modernization  projects  affecting  shop-floor,  as 
well  as  above-the-shop-floor  functions  and  related  costs.  To  successfully  and 
effectively  participate  in  IMIP-sponsored  projects  that  will  benefit  both 
contractor  and  customer,  careful  planning  and  a  proven  operational  system  are 
required  for  project  cost  management,  cost/benefit  measurement/ tracking,  and 
shared  savings  allocation.  The  generic  approach  can  be  a  cost-effective 
component  of  an  IMIP  application. 
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MULTI-CRITERIA  PERFORMANCE  MEASUREMENT 
AT  VOUGHT  AERO  PRODUCTS 


Voughc  Aero  Produces  Division  has  used  measurements  in  the  "production  area" 
for  many  years.  Panel  charts  have  been  used  for  graphic  display  of  trends  in 
performance.  However,  production  costs  and  their  proportional  ratio  to  total 
costs  have  progressively  declined.  Due  to  changes  in  technology,  the  cost 
driver  ominance  has  shifted  from  production  to  support  and  overhead  functions 
as  illustrated  in  Figure  1. 


The  modification  of  the  cost  structure,  along  with  competitive  pressures,  has 
created  the  need  to  address  both  production  and  non- production  costs.  A 
system  is  being  implemented  to  expand  the  application  of  measurements  to  the 
non-production  areas  of  the  division. 


Cost-Effectiveness 


Measurements  are  essential  for  establishing  controlls  and  accountability. 

More  importantly,  measurements  provide  a  valuable  management  tool  because  they 
make  performance  visioie.  Industry  has  recognized  these  attributes  and  has 
used  different  approaches  to  monitor  and  develop  measurements. 
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The  traditional  method  of  measuring  performance  in  the  production  function 
involves  the  use  of  work  standards.  Such  standards  are  developed  by  a  cost 
intensive,  analytical,  multi-step  method,  as  depicted  in  Figure  2A.  While 
effective  in  the  production  area,  this  technique  is  costly,  specialized,  and 
cannot  be  universally  applied  to  overhead  and  support  functions. 


A.  PRODUCTION  AREAS 


WORK  STANDARDS 


TRACK  PERFORMANCE 
1 

WORK  STANDARDS 
1 

ESTIMATE  VALUES 
1 

IDENTIFY  ELEMENTS 
1 

STANOARO  METHOD 
1 

ANALYZE  PRACTICE 


B.  NONPRODUCTION  AREAS 

Hnputoutput  1 

•  MANHOURS 
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SQUARE  FEET  CLEANED 


Figure  2  Measurement  Techniques 


Other  simpler  and  Less  cost-intensive  techniques  have  been  developed  for 
application  in  non-production  functions.  Techniques  such  as  "input-output"  or 
"activity: indicator"  ratios,  as  shown  in  Figure  2B,  have  been  utilized  to 
provide  reliable  measurement  at  a  lower  cost.  Managers  in  the  non"production 
areas  have  used  these  techniques  to  select  their  own  measurements.  Approved 
measurements  have  been  published  and  updated  in  the  reference  manual  entitled. 
Productivity  Program  Status,  which  is  issued  by  IMOD  to  all  department 
managers. 


The  following  ground  rules  have  been  used  to  keep  the  measurement  system 
cost-effective: 

•  Each  function,  as  listed  in  Table  1,  must  have  an  approved  set  of 
measurements . 

•  Within  each  function,  only  one  measurement  is  required  for  each 
department. 

•  Measurement  data  are  collected  and  reported  once  each  quarter. 


FUNCTIONS 


ENGINEERING 

FACILITIES 

LOGISTICS 

HUMAN  RESOURCES 

FINANCE 

PROGRAMS  t  MARKETING 


MATERIALS 

MANUFACTURING  ENGINEERING 
QUALITY  ASSURANCE 
MANUFACTURING  CONTROL 
INDUSTRIAL  MODERNIZATION 
DATA  PROCESSING 
OVERHAUL  &  MAINTENANCE 


FUNCTIONS  AND  DEPARTMENTS 

| - FUNC 

DEPARTMENT 

TION - 1  | - FUNCTION - 1 

DEPARTMENT  DEPARTMENT  DEPARTMENT 

TABLE  1  FUNCTIONS  AND  DEPARTMENTS 
265 


Method 


The  method  can  best  be  illustrated  by  an  example.  For  reference,  we  assume  an 
.  idealized  function  called,  "GENERAL,"  which  has  two  departments, 
"ADMINISTRATION"  and  "OPERATION."  Each  department  has  a  measurement: 

.  ADMINISTRATION  -  Administration  Costs/Total  Costs 
.  OPERATION  -  Man-Hours/ Units  Produced 


QUARTER  I 

MEASUREMENTS 

1 

2 

3 

4 

ADMINISTRATION  COSTS 

TOTAL  COSTS  (MM) 

7.9 

7.9 

9.9 

9.9 

1.99.9 

199.9 

199.9 

199.9 

MANHOURS 

UNITS  PRODUCED 

99.9 

S9.9 

99.9 

93.9 

199.9 

199.9 

199.9 

199.9 

Figure  3  Quarterly  Data  Input  Fora 


Measurement  data  is  collected  through  a  Quarterly  Data  Input  Form,  as  shown  in 
Figure  3;  and  a  Measurement  Characteristics  Form,  as  depicted  in  Figure  4. 

The  first  form  is  used  to  collect  quarterly  actuals.  The  second  form  assigns 
a  relative  weight  to  each  measurement.  Any  measurement,  for  trtiich  quarterly 
data  is  not  supplied,  automatically  earns  the  "worst  case"  performance  and 
rating. 
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MEASUREMENTS 

ADMINISTRATION  COSTS 

TOTAL  COSTS 

1.0 

4.0 

MAN-HOURS 
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0.9 

4.0 

Figure  4  Measurement  Characteristics  Form 
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The  specified  potential  range  of  performance,  from  "best  case"  to  "worst 
case",  is  calculated  in  a  uniform  manner  for  each  measurement.  To  achieve 
division-wide  uniformity  in  racings,  these  limits  are  derived  from  the  average 
performance  in  the  "base  year". 

Best  Case:  60  Z  better  than  "base  year"  performance 
Worst  Case:  40Z  worse  than  "base  year"  performance 

The  performance-rating  relationship  is  described  in  Figure  4A. 

PERFORMANCE  0-10  RATING 
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Values  In  this  area  are  very  unfavorable.  The  Per 
formance  has  an  unfavorable  variance  to  the  base 
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formance.  *he  Re'-'crrance  has  a  *avoraole  variance  ci 
:ne  oase  year  in  excess  of  601. 


Figure  4A  -  Performance  and  Racing  Relationship 
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Department- lev  el  performance  is  reported  for  each  measurement  in  charts,  as 
illustrated  in  Figures  S  and  6.  These  charts  feature  two  sections,  denoted  as 
PERFORMANCE  and  RATING.  The  performance  shown  pertains  to  the  individual 
measurement.  Since  measurements  are  often  diverse  and  cannot  be 
mathematically  added,  ratings  are  used  to  convert  all  performances  to  a  common 
scale  of  0  ("Worst  Case")  to  10  ("best  Case").  Such  a  conversion  allows 
comparison  between  diverse  measurements,  as  well  as  the  calculation  of  a 
function's  total  performance. 


PERFORMANCE 

ADMINISTRATION  COSTS/TOTAL  COSTS 


ACTUAL 


ARC  FT  - 


RATING 
0-10  SCALE 


llllll 


Figure  5  Depar Cmenc-Level  Performance 
ADMINISTRATION 
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Figure  j  Department-Level  Performance 
OPERATION 


7 


Quarterly  results  are  reported  in  detail  in  the  Present  Quarter  Status  Report, 
which  is  shown  in  Table  II.  This  report  provides  a  summary  of  the  last 
quarter's  target  performance,  actual  performance  and  ratings  for  all 
measurements  in  the  function.  Target  performance  is  generally  identical  to 
the  Vought  Aero  Products  Division's  commitment  for  productivity  improvement. 
That  is,  a  commitment  to  improve  annual  productivity  by  "X"  percent  requires 
the  same  "X"  percent  annual  improvement  in  the  performance  target. 


FUNCTION:  GENERAL 

PERFORMANCE 

PERFORMANCE  LIMITS 

RATING 

MEASUREMENT 

TARGET 

(A) 

ACTUAL 

IS) 

REST  (It! 
(Cl 

WORST  It) 
IDI 

1  -  » 
RATING 

ici 

WdCIIT 

IFI 

‘WEIGHTED 

RATING 

(Gl 

ADMINISTRATION 

ADMINISTRATION  COSTS  /  TOTAL  COSTS 
(PERCENT) 

7J*I 

Mi9 

5. MM 

IMM 

1.2* 

I.M 

0.(2 

OPERATION 

MAN-HOURS  /  UNITS  PRODUCED 

*3.052 

4JJN 

DEPARTMENT  RATING: 

40.000  M.MM 

*.20 

4.12 

*.M 

4.24 

•  -  WEIGHTED  RATING  -  (Fl  X  IE)  M 

DEPARTMENT  RATING: 

TOTAL  RATING: 

4.12 

10.10 

5.1* 

TABLE  II  PRESENT  QUARTER  STATUS  REPORT 
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A  function's  total  performance  is  a  weighted  aggregate  of  department-level 
performances.  This  aggregate  is  calculated  by  assigning  a  relative  "weight" 
to  each  measurement.  The  relative  weights  are  generally  proportional  to 
departmental  budgets.  Function-level  performance  for  GENERAL  is  shown  in 
Figure  7.  GENERAL'S  total  rating  and  the  contribution  of  each  department  to 
this  rating  are  also  shown. 


RATING 

•  -  18  SCALE 


FIGURE  7  Function-Level  Performance  -  GENERAL 
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Relationship  with  Budgets 


Measurements  are  created  to  serve  two  objectives: 

•  Monitor  performance  improvement 
.  Provide  cost  trends  for  future  bids  and  proposals. 

To  meet  these  objectives,  selected  measurements  must  mathematically  relate  to 
departmental  budgets.  The  mathematical  relationship  is  possible  because  each 
department  has  chosen  a  parameter  that  is  common  to  both  measurement  and 
budget,  as  Table  111  highlights. 


MEASUREMENT  BUDGET 

ADMINISTRATION 

Adariahlnllas  C'tnU  0  Total  Coil*  X  fill  »  Administration  Costs 
Total  Coats 

OPERATIONS 

|Mso-Hoon/Uatu|  Produced  Unita  Produced 

X  iMaa-Houra/Unitl 
X  S  per  Man-Hour 
-  Budget 


TABLE  III  RELATIONSHIP  OF  PARAMTERS 
IN  MEASUREMENTS  AND  BUDGETS 


Implemen tation 


The  computer  software  for  the  measurement  system  has  been  developed  on  the  IBM 
3081  mainframe  computer.  The  essential  measurement  selection  process  involves 
department  managers  in  functional  areas  selecting  measurements  for  use  in 
their  areas.  Throughout  the  measurement  selection  and  performance  reporting, 
a  single  coordinating  group  -  the  Industrial  Modernization  Group,  is 
responsible  for  assuring  uniformity  of  system  application  and  on-going  system 
maintenance.  VAPD  has  now  positioned  itself  to  take  advantage  of  the  cost 
savings  opportunities  made  available  through  implementation  of  an  effective 
multi-criteria  performance  measurement  system  in  non-production  areas. 
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Vtought  Aero  Products  Divwoo 


1584  ANNUAL  OPERATING  PLAN,  APRIL  REVISION  -  AERO  PRODUCTS  DIVISION 


I 

I 

I 


ITEM 

1 

i. 

BASELINE  $(000) 

1  AOP  BUDGETS  $(000) 

.  i 

1* 

1 

1983 

i  1984 

1985 

1986 

EQUIV.DIV.IMPRVMNT 

BASE 

1.66 

3.25 

3.90 

BUT  -  PERCENT  OP  COSTS 

22.54 

27.14 

30.10 

28.38 

MAKE  -  PERCENT  OP  COSTS 

77.46 

72.86 

69.90 

71.62 

SALES+CBANGE  IN  INVENTORY 

i 

276358 

263929 

331859 

359291 

I  -LABOR 

I  DIRECT  -  SALARY  A  WAGES 

57797 

51596 

61134 

65726 

I  OTHER  DIRECT  CHARGES 

15836 

10693 

8059 

9973 

|  -INDIRECT  -  SALARY  &  WAGES 

36933 

32375 

38662 

40662 

I  FRINGES 

j 

36293 

32786 

44667 

48308 

I  TOTAL  LABOR 

i 

146860 

127449 

152522 

164668 

i 

1  MATERIAL 

|  DIRECT 

55158 

63417 

88908 

88325 

I  QDC 

10557 

7128 

5373 

6648 

i  INDIRECT 

SUPPLIES  A  EXPENSES 

10740 

10780 

11828 

11318 

CREDITS 

-699 

-910 

-631 

-862 

NON  DEPARTMENT 

0 

0 

0 

0 

OTHER 

0 

0 

0 

0 

TOTAL  MATERIAL 

75756 

80416 

105477 

105430 

ENERGY 

4130 

4090 

4787 

5575 

1 

I  CAPITAL 

I  LEASE  COSTS 

1716 

1855 

3209 

3494 

INSURANCE , RENT , TAXES 

7582 

5950 

6631 

6871 

DEPRECIATION  A  AMORT. 

2198 

1858 

======= 

2084 

2575 

«<  TOTAL  »> 

238242 

221619 

274711 

288613 

MEMO:  ALLOCATIONS 

DIVISIONAL  A  CORPORATE 

6496 

======= 

7172 

8291 

7880 

TOTAL* ALLOCATIONS 

244738 

228790 

283002 

296492 
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Vought  Aero  Productt  Division 


1984  ANNUAL  OPERATING  PLAN, 

APRIL  REVISION  - 

QUALITY  ASSURANCE 

-1 

1 

•  1 

•*  • 

1 

TTB4  I. 

BASELINE  $(000) 

I  AOP  BUDGETS  $(000) 

i 

*  1 

I 

1983 

i  1984 

1985 

1986 

EQUT7.DIY.IMPRVMNT 

BASE 

9.70 

3.38 

3.46 

BUT  -  PERCENT  OF  COSTS 

22.54 

27.14 

30.10 

28.38 

MAKE  -  PERCENT  OF  COSTS 

77.46 

72.86 

69.90 

71.62 

SALES+CHANGE  IN  INVENTORY 

163937 

216298 

267123 

300593 

LABOR 

DIRECT  -  SALARY  A  WAGES 

5163 

4771 

5344 

5821 

OTHER  DIRECT  CHARGES 

670 

638 

715 

779 

INDIRECT  -  SALARY  A  WAGES 

732 

821 

920 

1002 

FRINGES 

2730 

2567 

2875 

3132 

TOTAL  LABOR 

9294 

8798 

9854 

10733 

MATERIAL 

DIRECT 

0 

0 

0 

0 

! 

GDC 

446 

425 

477 

519 

INDIRECT 

SUPPLIES  A  EXPENSES 

191 

601 

674 

734 

CREDITS 

0 

0 

0 

0 

TOTAL  MATERIAL 

637 

1027 

1150 

1253 

ENERGY 

0 

0 

0 

0 

CAPITAL 

LEASE  COSTS 

60 

61 

68 

74 

INSURANCE ,  RENT ,  TAXES 

100 

80 

90 

98 

DEPRECIATION  A  AMORT. 

185 

171 

192 

209 

i 

i 

srssrsr 

sssssss 

ii 

ii 

ii 

ii 

ii 

ii 

ii 

<«  TOTAL  »> 

10277 

10137 

11354 

12367 

MEMO:  ALLOCATIONS 

i 

i 

DATA  PROCESSING 

7 

12 

14 

15 

i 

HUMAN  RESOURCES 

327.6 

315.9 

354 

385 

i 

i 

FACILITIES 

444.21 

421.98 

473 

515 

i 

i 

OTHER  -  DACOL 

0 

14.43 

16 

18 

j 

i-. 

TOTAL*  ALLOCATIONS 

11055 

10902 

12210 

13299 

-1 

328 


VoMght  Aero  Products  Division 


1 

EQUIV.DIV.IMPRVMNT 

BASE 

3.00 

4.00 

4.00 

BUT  -  PERCENT  OP  COSTS 

22.54 

27.14 

30.10 

28.38 

MAKE  -  PERCENT  OF  COSTS 

77.46 

72.86 

69.90 

71.62 

SALES+CHANGE  IN  INVENTOR! 

163937 

216298 

267123 

300593 

LABOR 

DIRECT  -  SALARY  &  WAGES 

5163 

6075 

6784 

7353 

1 

1 

OTHER  DIRECT  CHARGES 

670 

788 

880 

954 

INDIRECT  -  SALARY  A  WAGES 

732 

861 

961 

1042 

FRINGES 

2730 

3213 

3588 

3889 

TOTAL  LABOR 

9294 

10937 

12212 

13237 

MATERIAL 

DIRECT 

0 

0 

0 

0 

1 

1 

ODC 

446 

536 

620 

700 

INDIRECT 

SUPPLIES  &  EXPENSES 

191 

230 

266 

300 

CREDITS 

0 

0 

0 

0 

TOTAL  MATERIAL 

637 

766 

886 

1000 

ENERGY 

0 

0 

0 

0 

CAPITAL 

LEASE  COSTS 

60 

70 

78 

33 

INSURANCE , RENT , TAXES 

100 

117 

131 

140 

DEPRECIATION  i  AMORT. 

185 

217 

241 

259 

ii 

ii 

ii 

n 

ii 

H 

II 

ssssrss 

ii 

ii 

•• 

ii 

ii 

ii 

ii 

sssssrs 

<«  TOTAL  »> 

10277 

12107 

13547 

14720 

MEMO:  ALLOCATIONS 

DATA  PROCESSING 

7 

8 

9 

10 

I 

1 

HUMAN  RESOURCES 

328 

397 

454 

500 

1 

1 

FACILITIES 

444 

538 

615 

678 

1 

1 

1 

OTHER  -  DACOL 

0 

0 

0 

0 

1 

1 

1 

TOT  AU  ALLOCATIONS 

11055 

13050 

14625 

15906 

329 
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TOTAL  DIVISION  B  4.18  11.40  15.05  15.67  21.67 
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Aerospace  and  Defense 


Vought  Aero  Products  Division 


1984  ANNUAL  OPERATING  PLAN  -  DIVISION  A 


EXAMPLE 


I 

1 

BASELINE  $(000) 

|  AOP 

i  _ 

BUDGETS  $(000) 

ITEM  !- 

1 

1983 

i  1984 

1985 

1986 

EQUIV .DIV . IMPRVMNT 

BASE 

1.66 

3.25 

3.90 

BUT  -  PERCENT  OF  COSTS 

MAKE  -  PERCENT  OF  COSTS 

22.5$ 

77. $6 

27.14 

72.86 

30.10 

69.90 

28.38 

71.62 

SALES+CHANGE  IN  INVENTORY 

276358 

263929 

331859 

359291 

LABOR 

DIRECT  -  SALARY  &  WAGES 
OTHER  DIRECT  CHARGES 
INDIRECT  -  SALARY  A  WAGES 
FRINGES 

57797 

15836 

36933 

36293 

51596 

10693 

32375 

32786 

61134 

8059 

38662 

44667 

65726 

9973 

40662 

48308 

TOTAL  LABOR 

156860 

127449 

152522 

164668 

MATERIAL 

DIRECT 

ODC 

INDIRECT 

SUPPLIES  &  EXPENSES 
CREDITS 

NON  DEPARTMENT 

OTHER 

55158 

10557 

10740 

-699 

0 

0 

63417 

7128 

10780 

-910 

0 

0 

88908 

5373 

11828 

-631 

0 

0 

88325 

6648 

11318 

-862 

0 

0 

TOTAL  MATERIAL 

75756 

80416 

105477 

105430 

ENERGY 

4130 

4090 

4787 

5575 

CAPITAL 

LEASE  COSTS 

I NSHP  *  WCF ,  RENT ,  T  A  *  KS 
DEPRECIATION  &  AMOi'iT . 

1716 

7582 

2198 

1855 

5950 

1858 

3209 

6631 

2084 

3494 

6871 

2575 

«<  TOTAL  »> 

238242 

221619 

274711 

288613 

MEMO:  ALLOCATIONS 

DIVISIONAL  A  CORPORATE 

6496 

7172 

8291 

7880 

TOTAL* ALLOCATIONS 

ssssss: 

244738 

228790 

283002 

296492 

337 


Vought  Aero  Products  Division 


1- 

NOMINAL  CHALLENGE  BUDGETS  - 

DIVISION  A  I 

f 

EXAMPLE 

1 

BASELINE  $(000) 

|  AOP  BUDGETS  $(000) 

tttm  !. 

i 

™ ™ "  ■■■■■■  m  m 

1 ~ 

1 

1983 

I  1984 

1585 

1986 

EQUIV.DIV.IMPRVMNT 

BASE 

3.00 

4.00 

4.00 

BUT  -  PERCENT  OF  COSTS 

22.54 

27.14 

30.10 

28.38 

MAKE  -  PERCENT  OF  COSTS 

77.46 

72.86 

69.90 

71.62 

SALES+CHANGE  IN  INVENTORY 

276358 

263929 

331859 

359291 

LABOR 

DIRECT  -  SALARY  &  VAGES 

57797 

49231 

55968 

58368 

OTHER  DIRECT  CHARGES 

15836 

13489 

15335 

15993 

INDIRECT  -  SALARY  &  WAGES 

36933 

31459 

35765 

37299 

FRINGES 

36293 

30914 

35145 

36652 

TOTAL  LABOR 

146860 

125093 

142213 

148312 

MATERIAL 

DIRECT 

55158 

63245 

89038 

89572 

ODC 

10557 

9182 

10815 

11750 

INDIRECT 

SUPPLIES  A  EXPENSES 

10740 

9341 

11002 

11954 

CREDITS 

-699 

-802 

-1129 

-1136 

NON  DEPARTMENT 

0 

0 

0 

0 

OTHER 

0 

0 

C 

0 

TOTAL  MATERIAL 

75756 

80966 

109725 

112141 

ENERGY 

4130 

3585 

4223 

4510 

CAPITAL 

LEASE  COSTS 

1716 

1458 

1650 

1706 

INSURANCE ,  RENT ,  TAXES 

7582 

6440 

7?90 

7534 

DEPRECIATION  &  AMORT. 

2198 

1867 

2113 

2184 

«<  TOTAL  »> 

238242 

219408 

267216 

276386 

MEMO:  ALLOCATIONS 

DIVISIONAL  &  CORPORATE 

6496 

5699 

6633 

7036 

225107  273349  283422 


TOTAL* ALLOCATIONS 


244738 
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1984  ANNUAL  OPERATING  PLAN  -  FUNCTION  Z  i 


EXAMPLE 


I  BASELINE  $(000)  I  AOP  BUDGETS  $(000) 

!  1983  I  1984  1985  1986 


EQUIV.  IMPROVEMENT 

BASE 

9.70 

3.38 

3.46 

BUT  -  PERCENT  OF  COSTS 

22.54 

27.14 

30.10 

28.38 

MAKE  -  PERCENT  OF  COSTS 

77.46 

72.86 

69.90 

71.62 

SALES+CHANGE  IN  INVENTORY 

163937 

216298 

267123 

300593 

LABOR 

DIRECT  -  SALARY  &  WAGES 

5163 

4771 

5344 

5821 

OTHER  DIRECT  CHARGES 

670 

638 

715 

779 

INDIRECT  -  SALARY  &  WAGES 

732 

821 

920 

1002 

FRINGES 

2730 

2567 

2875 

3132 

TOTAL  LABOR 

9294 

8798 

9854 

10733 

MATERIAL 

DIRECT 

0 

0 

0 

0 

ODC 

446 

425 

477 

519 

INDIRECT 

SUPPLIES  &  EXPENSES 

191 

601 

674 

734 

CREDITS 

0 

0 

0 

0 

TOTAL  MATERTAT. 

637 

1027 

1150 

1253 

ENERGY 

0 

0 

0 

0 

CAPITAL 

LEASE  COSTS 

60 

61 

68 

74 

INSURANCE , RENT , TAXES 

100 

80 

90 

98 

DEPRECIATION'  a  AMORT. 

185 

171 

192 

209 

«<  TOTAL  »> 

sssssss 

10277 

rssrss: 

10137 

11354 

SSSSSSS 

12367 

MEMO:  ALLOCATIONS 

DATA  PROCESSING 

7 

12 

14 

15 

HUMAN  RESOURCES 

327.6 

315.9 

354 

335 

FACILITIES 

444.21 

421.98 

473 

515 

OTHER  -  DACOL 

0 

14.43 

16 

18 

TOTAL* ALLOCATIONS 

SSSSSSS 

11055 

SSSSZSS 

10902 

sssssss 

12210 

SSSSSSS 

13299 
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!  NOMINAL  CHALLENGE  BUDGETS  -  FUNCTION  Z  !  EXAMPLE 


I  BASELINE  $(000)  |  AOP  BUDGETS  $(000) 
ITEM  I - ! - 


1 

1983 

!  1984 

1985 

1986 

EQUIV.  IMPROVEMENT 

BASE 

3.00 

4.00 

4.00 

BUY  -  PERCENT  OF  COSTS 

22.54 

27.14 

30.10 

28.38 

MAKE  -  PERCENT  OF  COSTS 

77.46 

72.86 

69.90 

71.62 

SALES+CHANGE  IN  INVENTORY 

163937 

216298 

267123 

300593 

LABOR 

DIRECT  -  SALARY  &  WAGES 

5163 

6075 

6784 

7353 

OTHER  DIRECT  CHARGES 

670 

788 

880 

954 

INDIRECT  -  SALARY  &  WAGES 

732 

361 

961 

1042 

FRINGES 

2730 

3213 

3588 

3889 

TOTAL  LABOR 

9294 

10937 

12212 

>  Jr  j  i 

MATERIAL 

DIRECT 

0 

0 

0 

0 

OOC 

446 

536 

62C 

700 

INDIRECT 

SUPPLIES  A  EXPENSES 

191 

230 

266 

300 

CREDITS 

0 

0 

0 

0 

TOTAL  MATERIAL 

637 

766 

386 

in  .-'7 

ENERGY 

0 

0 

0 

0 

CAPITAL 

LEASE  COSTS 

60 

r> 

1  ^ 

73 

J 

INSURANCE , RENT , Y AXE - 

100 

117 

131 

i  n 

1  •  w> 

DEPRECIATION  *  avow:-. 

lad 

2V! 

241 

«<  TOTAI  »> 

ssssssz 

10277 

1^107 

13547 

14720 

MEMO:  ALLOCATIONS 

DATA  PftuCaSSj  ivit 

7 

8 

9 

10 

HUMAN  RESOURCES 

328 

397 

454 

500 

FACILITIES 

444 

533 

615 

673 

OTHER  -  DACOL 

0 

0 

0 

C 

TOTAL* ALLOCATIONS 

11055 

13050 

14625 

15908 

I 

I 

I 

i 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


I 

I 

I 

I 


I 

I 

I 


I 

I 

I 

I 
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!  DUAL  FUNCTION  CQST  MODEL 
| - 


o  THE  DUAL  FUNCTION  COST  MODEL  IS  DERIVED  FROM  THE 
TRADITIONAL  COST  STRUCTURE  AND  INCLUDES: 


o 

© 

© 

© 


POOLS  AND  COST  CENTERS 

DIRECT  AND  INDIRECT  COSTS 

COST  CENTER  ALLOCATIONS 

OVERHEAD  RATES 
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| - 1 

|  DUAL  FUNCTION  COST  MODEL  | 
| - 1 


Q  THE  MODEL  REGROUPS  COSTS  BT  ORGANIZATION  INSTEAD  OF 
BY  POOLS  AND  COST  CENTERS. 

(T)  THE  MODEL  PROVIDES  DISCRETE  DOLLAR  COSTS  FOR  EACH 

ORGANIZATION  WHICH  ARE  FREE  OF  DIRECT  COSTS,  INDIRECT 
COSTS,  AND  OVERHEAD  RATES. 
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